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Sargent Constant Temperature Bath 


The 0.01° C. Sargent Constant Temperature Water 
Bath, which is employed in many laboratories 
throughout the world where a precise, reliable 
thermostat is required, is now being supplied with 
an improved relay unit and heating system. The 
central heating and circulating unit of the bath is 
now equipped with three cylindrical heating ele- 
ments rated at 200, 300 and 400 watts respectively. 
The 200 watt heater is controlled by the No. 81835 
mercurial thermoregulator through a thyratron 
tube and saturable core reactor in the relay unit. 
(The use of a saturable core reactor obviates the 
difficulties commonly encountered with mechan- 
ical relaying systems such as pitted contacts, 
broken moving parts and freezing.) By means of a 
control mounted on the panel of the relay the out- 
put of this heater can be varied from the full 200 
watts to approximately 60 watts, thus permitting 
such adjustment of the heater output that positive 
overshooting of the regulatory temperature is min- 
imized. With the improved relay system this bath 
can be adjusted to a precision of +.005° C. when 
aperating in the vicinity of 25° C. 

An autotransformer, adjusted by means of a 


Improved Design 
New Relay 

New Heating System 
0.01° ¢. 


knob on the relay unit panel, permits the setting of 
the 300 watt heater so that heat loss from the bath 
is almost compensated and negative overshoot is 
reduced to a negligible quantity. 

The 400 watt heater may be used to quickly raise 
the bath temperature to the desired operating level 
or, in the case where sacrifice of some precision of 
regulation is of no consequence, to permit opera- 
tion of the bath at temperatures above 60° C. 

In addition, the relay unit is equipped with a 
master switch, a switch for each heater and a pilot 
light to indicate that the circuit to the 200 watt 
heater is closed. Maximum power consumption 
1100 watts. 

S$-84805 WATER BATH—Constant Temperature, 
0.01° C., Sargent. Complete with Pyrex jar, 16 
inches in diameter and 10 inches in height; central 
heating and circulating un:t; constant level device; 
cooling coil; No. 81835 thermoregulator and relay 
unit with cord and plug for connection to standard 
outlets. For operation from 115 volt 50/60 cycle 


CHORIN oo cccssiodscaseitanniuts cea bran $300.00 
$-81991 TUBE—Thyratron, Type 2050. 
1 Te 1 pee ep inRine ener bine tims gl ene tay Oat $ 4.40 





$-81992 LAMP—Neon Pilot Light. Each....$ 1.00 
$-84845 VESSEL—Water Bath Jar, 








S ARG E N T PYREX Brand Glass, Each.ccseccccsssssc.sccsssssse $44.00 
SCIENTIFIC LABORATORY INSTRUMENTS » APPARATUS « SUPPLIES « CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 35, TEXAS SC! 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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automatically 






Now ... you can use in your laboratory the 
same precise technique that tests the purity of 
isotope labeled compounds in Tracerlab’s own 
radiochemical operations. With it, you can 
scan a chromatograph strip . . . then, lay it 
beside the resulting recording trace for direct 
identification of each location of radioactivity. 








ae Se 


This new Tracerlab SC-55 Chromatogram 
System has five components: 


_ 


1. New SC-55 Chromatogram Scanner with 














: variable collimator slit adjustable by ex- 
: ternal screw from 0.00” to 0.25” for 
securing desired degree of definition 

A 2. SC-59 Shielded Manual Sample Changer 
3. The Outstanding New TGC-14 Carbon 
Counter, or any other Tracerlab end-win- 

P = a dow Geiger, scintillation or proportional 
’ detector 
TAC C A ad 4. SC-34A Precision Ratemeter or SU-3C 
Laboratory Monitor 
1601 Trapelo Road, Waltham 54, Mass. 5. Houston Technical Laboratories, or Ester- 
1 2030 Wright Avenue, Richmond 3, California line Angus Recorder. 
) rincipal cities throughout the world. For full information on how the new Tracerlab 

SC-55 Automatic Chromatogram Scanning 
D ; System increases accuracy of radioassays, 
D i : 
write for Tracerlog No. 84. 
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ut costs 3 ways 


q They’re so economicai—you use them 
once and then discard them. 








a They r f lab work—no need for diSPo-wraps— 
washin sterilizin storing. lor fast, convenien 
‘at - . sterilization of pipettes 
and petri dis! 
They increase accuracy—by preventing oernaet by aa it 
cross contamination. sterilization. 


ple’ 
Selt-sealing, pressure- 
sensitive adhesive. 


No. 62124—diS Po-wraps 
for petri dishes—fit 60 
mm or 100 mm dishes. 
No. 67795—diSPo-wraps 
for pipettes—for 
sterilization of one or 
two pipettes. 19” x 1%”. 


a - i ; 1,000—$10. 








diSPo-dishes—made of pyrogen-free diSPo-funnels and support—for pre- 
clear plastic, contain no inhibiting paring protein-free filtrates. diSPo- 
agents and are inert to most biologi- funnels are made of thin, non-wetting 
cal its. Unifor clear plastic—strong enough to be used 
—scratch free—no tne fogged plates. several times and then discarded. Un- 
Complete with cover. affected by inorganic chemical solu- 


? tions. Volume—10 to 15 mi. Use with 
No. 62088B—100 mm dish—500-—$44.00 9 cm filter paper. 
No. 62089—150 mm dish—100—$37.50 
No. 62087—60 mm dish—500—$32.75 No. 64290—100 diSPo-funnels—$4.50 
No. 62086—50 mm dish—for membrane No, 64291—support—$1.50 

filter techniques—500—3$48.40 














diSPo-cups—the safe, con- 
venient way to store or trans- 
port lab specimens. Plastic 
coated interior resists 
age or absorption. Space on 
cup and cap for data. 8 oz. 


No, 61785—250 diSPo-cups— 
$10.00 












. diSPo-trays—wherever many test tubes or culture 
— tubes are used. Each tray contains 96 cups or con- 
eo Sed cavities (12 rows of 8). Each concavity has 20 mm 
<a diam., 10 mm depth, 2.7 mi volumetric cap. 


No. 0, 68905 A_diSPo-tray, opaque styrene. Each, in box 
r) 
= — -tray, clear vinyl. Each, in box 





Producte—a single source tor all laboratory sbbples 
: Division 
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Wattace R. Brope, President Elect | ; ‘ 
ie 1; Shans; Ridieiing Poasidins It is now widely accepted that research is the spearhead of the economic 
Paut M. Gross | growth of a country, giving rise to new products, new industries, and new 


Georce R. Harrison jobs. Over the last two decades, the pattern of industry of the more highly 


developed nations has altered massively in accordance with world scientific 

discovery, and increasingly countries and firms are concerning themselves 

with how much of their income they should invest in research. 

Wittiam W. Rusey | This does not mean that economic strength is determined by the research 

nese patience sagaael expenditure of a nation or a corporation. Many other factors operate— 

= ane mene | availability of raw materials, investment capital, skilled manpower, and, 
; perhaps above all, leadership. It is probably true, however, that the greatest 


Paut E. Kiopstec 
Cuauncey D. Leake 
Marcaret MEaAp 
Tuomas Park 





Wks: Wei) Massidtine Ophaee | economic gain comes to those countries which exploit research most quickly 
Granam DuSuane, Editor and most completely, rather than to those which contribute most to the 
CuHar.ottTe V. MEETING, Associate Editor world store of new knowledge. 


Josep Turner, Assistant Editor | This is especially so since it is still accepted throughout the world that 


Editorial Board | the results of fundamental research should be published freely and inter- 





Watrace R. Baooe Bowie M. Lasces nationally. The pool of common world knowledge is therefore there for all 
BenTLEY GLass Witiam L. Straus, Jr. | ists wel will and It is f | id th: {l World War II 
en ERED see eee to exploit who wi | and can. It is requently said that, until World War II, 

ae at any rate, the United States had the genius to exploit new discoveries 

Editorial Staff . ; ° . 

Niidinin Ee Cine, Mie %.. Oeeeti, Meeny more quickly than other nations, while the countries of Western Europe 
Davin, Saran S. Dees, Nancy S. HamILTon, | produced new science to a greater extent than other regions but failed to 
Ouiver W. Heatwore, Yuk Kozat, Exten E. | make full use of it. There is certainly much truth in this, but as science and 





Murpuy, Rosert V. Ormes, BeTHsaBe PEDERSEN, 


industry become more complicated, exploitation and research contribution 
MaveLtine ScHNEIDER, JANE STINE, JACQUELYN 


are tending to come ever closer together. 


VOLLMER 
ine J. Seuunand, Advethinnig Regrecniatine | The fact is that very little of contemporary discovery in fundamental 
research can be put to productive use until much applied research has been 
SCIENCE, founded in 1880, is published each | undertaken. Fundamental research, applied research, technological devel- 


Friday by the American Association for the Ad- opment, and production are becoming more and more parts of the same 
vancement of Science at Business Press, Lancaster, 


Pa, Entered at the Lancaster, Pa., Post Office as | spectrum of activity in the new science-based world into which mankind 
secoted class matter wader the Act of 5 March 1879. | is emerging. This means that research power in the larger sense will, in the 
SCIENCE is indexed in the Reader’s Guide to ae ean : 

Periodical Literature and in the Industrial Arts future, be more determinative of economic power. 

Index. While the economic significance of research has long been accepted, 
albeit in some places grudgingly, it is only recently that its political influ- 

ence has become obvious. The atomic and hydrogen bombs dominate the 

foreign policies of the powers that possess them and influence greatly the 

foreign policies of countries which lack them. But even neglecting these 


ence should be addressed to SCIENCE, 1515 
Massachusetts Ave., NW, Washington 5, D.C. 
Manuscripts should be typed with double spacing 
and submitted in duplicate. The AAAS assumes no 
responsibility for the safety of manuscripts or for 
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Editorial and personnel-placement correspond- | 
the opinions expressed by contributors. For detailed | 


suggestions on the preparation of manuscripts, book scientific monsters, whether they are regarded as threats to the peace or as 
a. illustrations, see Science 125, 16 (4 deterrents to war, modern warfare and defense have become so sophisticated 
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Display-ndvertising correspondence should be | in the technological sense with the numerous uses of radar, jet planes, 
gees We ig gti Room 740, 11 West 42 | guided weapons, proximity fuses, and so forth, that only countries possess- 
t., New Yor jp INE. . . ae . 
Clie 'af Gini Wea ddikd be seat 10 | ing highly developed research resources and the elaborate industries sup 
1515 Massachusetts Ave., NW, Washington 5, D.C., | porting the defense program can feel secure and strong. 
4 weeks in advance. If possible, furnish an address | eos eee ah + 
stencil label from a recent issue, Be sure to give | Political Power is founded on economic and defense strength, both of 
both old and new addresses, including zone num- | which are increasingly dependent on research. It follows, therefore, that 
bers, i ‘ | ate 
pacha a ug d | research power and political strength are now mutually dependent through 
Annual subscriptions: $7.50; foreign postage, f te Z k 
$1; Canadian postage, 50¢, Single copies, 25¢. | a complex chain of cause and effect. This is recognized even by the poli- 
Special rates to. members of the AAAS, Cable | ticians. In introducing a recent debate on foreign affairs in the House of 
address: Advancesci, Washington. 2 ae ‘ EY. : m 
Rates effective 1 January 1958: $8.50; foreign | Commons, Harold Macmillan, the British prime minister, said, “The 
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scientist is always ahead of the poli- 
tician.” Scientific discovery has now an 
immediate and profound effect on for- 
eign policy. 

Research has always required the sup- 
port of a patron, In the early days of 
the experimental method, the individual 
scholar often sought the support of the 
prince or man of wealth just as did 
Mozart and Hayden. Later, as the pos- 
sible “uses” of research became recog- 
nized and needs became greater—also, 
one might add, as princes and million- 
aires became scarcer—patronage was 
taken over by industry and the state. It 
was not, however, until World War I 
that this became marked. 

Germany was the first of the great 
powers to encourage and exploit science. 
The rise of German political power and 
scientific achievement followed the po- 
litical unification of that country, a phe- 
nomenon which might easily be repeated 
if Europe as a whole now achieves a de- 
gree of political or at least economic 
unity. It is unlikely that Germany could 
have waged World War I, or at any rate 
have fought for a prolonged period, but 
for the practical method of nitrogen fix- 
ation, devised by Haber, and the chem- 
ical industry which applied it. Equally, 
on the other side, this war having proved 
itself, although by later standards only 
relatively, to be a scientific war, the 
British quickly discovered their lack of 
scientific resources and proceeded to 
build them up quickly. The rise of the 
very active British chemical industry re- 
ceived a great impetus from this, and on 
the Government side, the Department of 
Scientific and Industrial Research was 
created, as well as the first of the indus- 
trial research associations. 

Until the outbreak of World War II, 
the concentration of research power was 
at least on the fundamental level in 
Western Europe, especially in the lab- 
oratories of Germany, Great Britain, 
Scandinavia, the Netherlands, and Swit- 
zerland. It is probable that this area 
was producing as much as 70 percent of 
the world’s significant scientific output, 
although American science, particularly 
industrial research, was building up 
quickly during this time. The political 
strength of Western Europe during the 
same period was very great. 

During and after World War II, 
great changes took place in the distribu- 
tion of political power. The U.S.S.R. 
grew greatly in importance, Germany 
was defeated, while the political force 
of the rest of Western Europe, exhausted 
by war or occupation, declined consider- 
ably. At the same time, the United 
States developed to become the strong- 
est world power. Research power too 
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followed this trend. The total volume of 
scientific activity has increased every- 
where, to a large extent because of di- 
rect or indirect government finance, and 
it has been exaggerated by continued 
defense preparations and atomic energy 
programs. Relatively, both with respect 
to pure and applied research, the scien- 
tific activity of the United States has 
soared in volume. Ewell has calculated 
that, of the cumulative total of money 
spent on research and development from 
the Declaration of Independence until 
the end of 1954, 45 percent was spent in 
the last 5 years of the period. 

For the first time also, the U.S.S.R. 
has become a major force in science, 
and her acceleration, although starting 
at a much lower level, probably exceeds 
that of the United States. In Western 
Europe, there has been a great and 
healthy growth of scientific activity. The 
British atomic energy and aeronautical 
programs, for example, have been out- 
standingly successful, Germany has also 
made a remarkable scientific recovery 
since the war. It is clear too that in 
Europe there has been a substantial in- 
crease of facilities for the quick devel- 
opment and exploitation of scientific dis- 
covery. Nevertheless, the proportion of 
world research product coming from 
Western European laboratories has fall- 
en greatly with the expansion of re- 
sources in the United States and the 
U.S.S.R, and this is in parallel with the 
declining political strength of the area. 

It is difficult to give a quantitative 
estimate of these trends. It would be 
useful if some enterprising operational 
research scientist would analyze by re- 
gion the number of scientific papers in 
the main abstract journals for, say, 1938, 
1950, ‘and 1956. It would probably 
emerge that Western Europe’s share of 
research output had fallen from a pre- 
war figure around 70 percent of the world 
total to below 40 percent of the much 
bigger amount today. With the impres- 
sively large Soviet effort in the training 
of scientists and technologists, we may 
expect the relative research effort of the 
U.S.S.R. to mushroom within the next 
10 years, and by the end of that period, 
China and the-other populous countries 
of the East will be occupied with re- 
search in a big way. Already the train- 
ing of scientists and the creation of re- 
search laboratories is proceeding rapidly. 
Many interesting Chinese papers are 
now appearing in the Soviet abstract 
journals, 

There is no evidence that scientific 
ability or even genius is the monopoly 
of any country or race. Indeed, it may 
well be that potential ability is spread 
throughout the human population more 


or less with a statistical uniformity, al- 
though, of course, opportunities to actual- 
ize it vary greatly on account of nutri- 
tion, environment, economic level, and 
educational possibilities. If these human 
potentialities were developed fully and 
research were spread uniformly through- 
out the world, the proportion done by 
the United States would be about 6 per- 
cent and that by Western Europe about 
9 percent of the total. It is certainly not 
to be expected that this will happen, at 
least for many years to come, but never- 
theless the drive to improve economic 
standards throughout the world and 
particularly the spectacular building up 
of educational and research resources be- 
hind the Iron Curtain is bound to pro- 
duce shifts in that direction. 

It takes 5 to 10 or more years for the 
results of fundamental research to de- 
velop economically in the form of new 
materials, instruments, or production 
methods, so that the next decade should 
see in full measure the fruits of the great 
upsurge of American science since the 
war, followed closely by that of the 
U.S.S.R. and later by China. The figures 
hazarded here may be inaccurate, but 
the relationship between research, polit- 
ical, and economic power is now so close 
that these undeniable trends command 
consideration by those who are con- 
cerned with scientific and educational 
policy. 

As the total amount of research under- 
taken in different parts of the world in- 
creases, individual countries will become 
progressively less self-sufficient and will 
have to draw heavily on work under- 
taken abroad. With the open publication 
of research, this is at present outwardly 
the case. In reality, however, there is a 
great deal of unconscious and under- 
standable nationalism amongst scientists. 
Journals published in one’s own country 
are much more widely accessible than 
those from abroad, and this is enough 
to insure that domestic research results 
are read more quickly and more widely 
than those from abroad. Beyond this, 
language difficulties have a similar ef- 
fect. It is doubtful whether more than 
a very small percentage of the results of 
Soviet research are yet used by the sci- 
entists of the United States-or Western 
Europe. On the other hand, the U.S.S.R. 
and the satellite countries with their 
strong and centralized information serv- 
ices have a deliberate policy of full ex- 
ploitation of world research. In the West, 
we are as yet hardly aware of the magni- 
tude of this problem and have certainly 
not tackled it seriously. 

ALEXANDER KING 
European Productivity Agency, 
Paris, France 
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a 5 ° “i . : a * plastics age, write Ss 
mi- journals over the years on experi youa plastic (Tenite Butyrate) com Products, Inc., Kingsport, Tenn. (Sub- 
nly ments to compare the properties of memorative medallion depicting sidiary of Eastman Kodak Company). 
available enteric coating materials one of the first U. S. injection mold- 
ING usually wind up reading like testi- ing machines. This heraldic device 
This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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Pacemakers in the 


technology of our 





electronic age 





Certain discoveries, inventions and a 
developments of Bell Telephone Lab- 
oratories have been truly epochal in 
their effect upon the technology of 
our time. Each has come out of a sin- 


gle quest—a search for ways to make 





telephony ever better. But many have 
opened the way to exciting advances 
in TV, movies, radio, horology, astron- cl 
omy. Here are ten of Bell Laboratories’ 
contributions to the modern world. 





BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


Electronic amplifier. First high-vacuum electronic amplifier. 
Made possible long distance telephony and then opened the 
way to radio broadcasting. 


Wave filter. Precisely separates bands of frequencies. Pro- 
vided major key to economical sharing of the same wires by 
many voices or radio programs. Indispensable control tool in 
radio, television and radar. 


Negative feedback amplifier. Provides distortionless and 
stable amplification. Made possible the enormous, precisely 
controlled amplification needed in long distance telephone 
calls. The principle is now basic in high-quality amplifiers for 
radio, TV and high-fidelity reproduction. 


Quartz crystal. Standard super-accurate quartz-crystal oscil- 
lator developed for frequency controls in radio telephony. 
Has also become the standard control for clocks in world’s 
astronomical laboratories. 


Coaxial cable system. Hollow tube with a central conductor 
was developed to transmit hundreds of voices simultaneously. 
Now also provides long distance carrier for TV in partnership 
with microwave beams. 


Transistor. Tiny solid-state device uses extremely small 
amounts of power to amplify signals. Makes possible electronic 
telephone switching and much smaller hearing aids, radios, 
TV sets and electronic computers. 


Dial system “brain and memory.” Takes over your call 
and sees that you are connected in the best and quickest way. 
Newest example: Direct Distance Dialing from home tele- 
phones to any part of the nation. 


Waveguide. Hollow conductor transmits high-frequency waves. 
From this came the “pipe” circuits that are essential to radar 
and very short-wave radio communications. 


Microwaves. Bell Laboratories developed long distance mi- 
crowave transmission. It operates by focusing radio beams 
from station to station, carries cross-country telephony and TV. 


Radio astronomy. This great new science began in the study 
of radio interference at Bell Laboratories... with the tremen- 
dous discovery that radio waves emanate from the stars. 
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The Genetic Hazards of 


Nuclear Radiations 


Since the years 1927 and 1928, when 
Hermann J. Muller (1) and Lewis J. 
Stadler (2) independently discovered 
that x-rays will produce permanent he- 
reditary alterations in animals and 
plants, respectively, the induction of 
mutations by ionizing radiations and the 
study of the changes brought about has 
become a major subscience of genetics. 
Hundreds of investigators have contrib- 
uted to our present knowledge of radia- 
tion-induced mutation, and the full 
gamut of organisms, from viruses to flow- 
ering plants and mammals, has been 
found to be similarly susceptible. Mean- 
while, great advances were also made in 
the cytological and biochemical analy- 
ses of the hereditary material, and to- 
day these approaches to an understand- 
ing of the intrinsic nature of mutations 
have come to a common focus. Our 
major question may then be phrased: 
How does radiation bring about perma- 
nent alterations of the hereditary mate- 
rial, and what kinds of changes are in- 
duced? 


Chemical Nature of 


Hereditary Material 


According to the overwhelming weight 
of present evidence, genetic information 
is transmitted from generation to gen- 
eration in all organisms, sexual and 





The author is professor of biology at Johns Hop- 
kins University, Baltimore, Md. This article is 
based on papers that were presented at a sympo- 
sium on Genetics and Radiation Hazards held in 
Washington, D.C., by the National Academy of 
Sciences, 22 Apr. 1957, and at the Inter-American 
Symposium on the Peaceful Application of Nuclear 
Energy, Brookhaven National Laboratory, 16 May 
1957. 
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asexual alike, through the chemical me- 
dium of deoxyribose nucleic acid or, in 
certain viruses, by another form of nu- 
cleic acid. The chromosomes, which 
have been demonstrated by genetic ex- 
periments to carry the units of heredity, 
the genes, are made up chiefly of deoxy- 
ribose nucleic acid and a basic protein, 
commonly a histone, together with some 
ribose nucleic acid and a small amount 
of nonbasic protein. The ribose nucleic 
acid, which is even more abundant in 
the nucleolus and the cytoplasm of cells 
than in the chromosomes, is thought to 
convey the chemically coded informa- 
tion from the nucleus to the sites of pro- 
tein synthesis in the cytoplasm; but, ex- 
cept in certain viruses, it can hardly 
constitute the primary code itself. 
Protein used to be thought the only 
substance of sufficient chemical complex- 
ity to be able to serve as the basis of 
heredity; but the advancing knowledge 
of the nucleic acids has revealed that 
they are equally capable of forming a 
virtually illimitable chemical code of in- 
formation, through variations in the se- 
quence of the four organic bases found 
in each polynucleotide; and the fact that 
the histone of the chromosomes in some 
species becomes completely replaced in 
the spermatozoa by an even simpler, 
more basic protamine seems to exclude 
the possibility that the protein of the 
chromosomes is the primary hereditary 
material. The evidence that the heredi- 
tary characteristics of Pnewmococcus 
strains may be permanently transformed 
by subjecting recipient cells to the highly 
purified, extracted deoxyribose nucleic 
acid from donor cells of a different type, 
together with reconstitution experiments 
with tobacco mosaic virus, lend over- 


SCIENCE 


whelming weight to the view that nucleic 
acid, and generally deoxyribose nucleic 
acid, is the primary hereditary material. 

In these reconstitution experiments, 
performed by  Fraenkel-Conrat and 
others, the ribose nucleic acid core of 
one species of virus has been reenclosed 
in the protein coat of another. In each 
case, the infectivity and virtually all 
other hereditary properties of the recon- 
stituted virus are those characteristic of 
the species that supplied its ribose nucleic 
acid, and not those of the species that 
supplied its protein (3). 

We thus arrive at the view that the 
two purines of deoxyribose nucleic acid 
(adenine and guanine) and the two 
pyrimidines (thymine and _ cytosine) 
must in their seriation along the poly- 
nucleotide spell out the hereditary code, 
for the backbone of the polynucleotide, 
composed of deoxyribose units linked by 
phosphate groups to form a long chain, is 
similar in chemical structure throughout 
the length of the molecule. It is still quite 
uncertain how many nucleotides com- 
monly comprise a gene, and whether the 
genes are separated by protein material 
or metal-ion bonds, or whether the genes 
are contiguous, or even overlap. But one 
must begin to think of mutations, at any 
rate, in terms of the chemical nature of 
the hereditary material and its sequences 
of bases. A mutation is some alteration 
in this material which, when chromo- 
somes reproduce themselves, is_ itself 
replicated, and thus is transmissible in 
mitotic and meiotic cell divisions. 


Chromosomal Mutations 


Genetically detected mutations follow- 
ing exposure to ionizing radiations may 
involve microscopically visible altera- 
tions of the chromosomes or may be 
submicroscopic in character. The gross 
chromosomal aberrations, as is_ well 
known, include reciprocal shifts of seg- 
ments between chromosomes, inversions 
of segments within a single chromosome, 
deficiencies arising by deletion of a seg- 
ment, and duplications of a segment. In 
all these types of chromosomal mutation, 
it is easy to see that chromosomes have 
been fractured by the radiation and that 
their broken ends have been reunited in 
some new pattern. In each case, at least 
two breaks must have occurred within 
the same nucleus in order to permit the 
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rearrangement, and it is therefore not 
surprising to learn that the frequency of 
such mutations increases as the square, 
or some higher power, of the dose. 

At low dosages, such mutations are 
therefore very rare, since they involve 
the coincidence of two or more effective 
“hits” within the same nucleus. True, 
there are also single breaks which in- 
variably lead to the loss of terminal parts 
of chromosomes, in case they do not heal 
together again (that is, “restitute”). But 
these, like the internal deficiencies, are 
invariably very harmful unless they are 
extremely small, at the lower limit of 
cytological visibility. They are conse- 
quently rapidly eliminated after a few 
cell generations or can only be kept for 
experimental study by great effort and 
ingenuity. They are, in other words, of 
a dominant lethal nature. 

Translocations (except in certain plant 
species) may be described as commonly 
semisterile in effect; often they lower the 
viability of their carriers ‘as well. Only 
the inversions and smaller duplications 
are in general sufficiently harmless to be 
transmitted in natural populations and 
to play a part in the evolutionary changes 
of species (4). 

It is a striking fact that, in animals 
which have been used for studies of radi- 
ation-induced mutation, the male germ 
cells during meiosis, and especially dur- 
ing spermiogenesis, seem far more sensi- 
tive to the radiation than immature male 
germ cells (spermatogonia) or female 
germ cells of any stage (5). Inasmuch as 
the chromosomal mutations are produced 
chiefly by high doses, and in those very 
cells that are most readily eliminated 
through the production of the well-known 
temporary sterilization of the male afte1 
acute doses of radiation, there is rela- 
tively little genetic damage to be ex- 
pected from them. 


Point Mutations 


Of chief importance, then, are the 
point mutations, in which the lesions in 
the hereditary material are submicro- 
scopic in size. Submicroscopic mutations 
must be basically of a similar nature to 
the gross, cytologically visible mutations 
—that is, they presumably consist of 
alterations in the sequence of purine and 
pyrimidine bases, through inversions of 
segments, insertions, deletions, and sub- 
stitutions, 

All existing genetic evidence indicates 
that the frequency of point mutations 
increases linearly with the radiation dos- 
age (Fig. 1). In studies of Drosophila, 
this has been demonstrated to hold over 
the dose range from 25 up to 6000 roent- 
gens (6). In some plants, the linear range 
has been extended down to about 5 
roentgens. In mice, the linearity in rela- 
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tion to dose holds over the range from 
300 to 600 roentgens, but there is no sign 
that it does not hold below that range 
(7). 

This proportionality to the 
dose, over and above the spontaneous 
frequency of mutation, implies two 
things: (i) as long as dosage is meas- 
ured in terms of roentgens (that is, in 
terms of the ionization produced by the 
radiation) absorbed quanta are indi- 
vidually effective, and it does not take 
two or more to produce a mutation; and 
(ii) there is no sign of a threshold dose 
below which mutations are not produced, 
but rather, even the lowest doses are 
proportionally mutagenic, and all doses, 
however distributed, are additive or cu- 
mulative in effect. It also follows that, 
under normal conditions, the intensity 
with which the dose is given, whether in 


linear 


a short time at high intensity or over a 
long period at low intensity, whether 
given uninterruptedly or in fractions 
separated by rest periods, makes no dif- 
ference. 

Finally, these relations are also borne 
out by the eviderice that differences in 
the energy of quanta are not significant 
with respect to mutation. Whether the 
quanta are the extremely powerful ones 
of cosmic rays or the less energetic ones 
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Fig. 1. Diagram to represent the rela- 
tionship between mutation frequency and 
man-made dose of ionizing radiation. Note 
that the mutation frequency at the doub- 
ling dose is by definition double the fre- 
quency of spontaneous mutation. If a 
threshold existed below the lower limit of 
the experimentally demonstrated linear 
portion of the dosage curve, the curve 
would have to follow the heavy dotted 
line. This would imply that the lowest ap- 
plied doses produced no mutations, and 
then a short region of increasing dose 
would yield mutations with an efficiency 
significantly exceeding that of the long 
linear portion of the dosage curve. For 
physical reasons this is very improbable. 
If any considerable portion of the spon- 
taneous mutation is, for a particular spe- 
cies, induced by the background radiation, 
the entire curve, including the origin, 
would be shifted correspondingly to the 
right if the natural radiation were in- 
cluded with the applied radiation in the 
definition of dose. If the background radi- 
ation is not included in the dose, the curve 
and its origin would be unaltered. 


of gamma radiation or x-rays, down to 
the weakest ionizing quanta of the grenz- 
rays, the mutational effect remains lin- 
early proportional to the ionization pro- 
duced. Ionizing particles, such as beta- 
rays (electrons), alpha-particles, and 
neutrons are also effective in producing 
mutations, both of the chromosomal and 
of the submicroscopic sort. They show 
differences in efficiency because of the 
differences in the ion density along the 
tracks of the various types of particles 
and consequently the differences in prob- 
ability that one particle may produce 
more than a single lesion in a chromo- 
some; but the dosage relation for the 
point mutations is in each case one of 
linear proportionality. 


Indirect Action 


The direct proportionality of mutation 
frequency to dose does not mean, how- 
ever, that the high-energy quantum 
must score a direct “hit” on the deoxy- 
ribose nucleic acid of the chromosomes 
to bring about a mutation. Indirect ac- 
tion is not excluded, provided that the 
genetic effect is proportional to the ioni- 
zation produced by the radiation. The 
effectiveness of chemical mutagens in 
producing mutations and the alteration 
of the efficiency of x-rays in producing 
mutations by modification of the oxygen 
concentration in the tissues demonstrate 
sufficiently that indirect, chemical steps 
may intervene—perhaps always inter- 
vene—between the ionization and the 
mutation. For example, in an atmosphere 
of oxygen, a dose of 2000 roentgens pro- 
duces more mutations than it does in an 
atmosphere of air; and when it is deliv- 
ered in nitrogen or helium, the fre- 
quency of mutations is diminished. 

Moreover, a recent study by A. M. 
Clark of Australia (8) demonstrates an 
effect of the intensity at which the radia- 
tion is delivered if the x-rayed spermato- 
zoa are simultaneously subjected to the 
action of sodium azide. Almost twice as 
many sex-linked recessive lethal muta- 
tions were produced at an intensity of 
2000 roentgens per minute as at 100 
roentgens per minute. This is taken to 
mean that chemical mutagens produced 
by the radiation, and sensitive to the 
action of azide, can accumulate to higher 
concentrations when the dose rate is very 
high, and consequently stand a better 
chance of producing mutations after 
diffusing to other points within , the 
nucleus. 

This type of finding raises once again 
the problematical existence of a thresh- 
old. below which the intensity of the ra- 
diation—and consequently the concen- 
tration of chemical agents produced by 
it—is too low to bring about mutations. 
Under certain conditions, this may_ulti- 
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mately turn out to be the case. However, 
it should be stressed that under ordinary 
conditions and with low to moderate dose 
rates, the linear proportionality and the 
nonexistence of a threshold appear to ob- 
tain. Until we are assured to the con- 
trary, the only safe working assumption 
is that every dose, even the lowest, is 
effective in producing mutations and is 
consequently genetically damaging. 


Somatic Cells 


It would be a grave mistake to think 
that mutations of the hereditary material 
are confined to the reproductive cells, 
or germ line. They can presumably occur 
also in the somatic cells of any tissue. 
At the present time, however, we have 
all too little knowledge of what happens 
to mutant somatic cells. Sometimes these 
cells exhibit a mutant phenotype, and a 
mosaic individual results. More signifi- 
cant would be dominant or partially 
dominant effects on essential metabolic 
and biochemical processes, which might 
consequently be impaired. 

Recent studies by E. B. Lewis of the 
origin of leukemia (9) and by G. Failla 
of the phenomenon of aging (/0) sug- 
gest that because both of these, like 
radiation-induced mutations, seem to in- 
crease linearly with the dose of ionizing 
radiation and without sign of a thresh- 
old, they too may result from the induc- 
tion of mutations by radiation and their 
accumulation in somatic cells. Possibly 
cancer, in general, may arise through the 
same cumulative effect, which does not 
at all exclude the intervention of other 
types of agents (viruses, nutritive factors, 
and chemical agents) in the final out- 
burst of malignant growth. 

V'hus, in some of my own experimental 
studies with certain strains of Drosophila, 
the induction of two distinct forms of 
abnormal growth may be initiated either 
by ionizing radiation or by excessive 
amounts of tryptophan in the diet (1/). 
The genetic basis of the effect comprises, 
in each case, a mutant gene responsible 
for the abnormal growth and a suppres- 
sor gene that under ordinary circum- 
stances inhibits it. By a moderate dose 
of radiation (1000 roentgens )—moderate 
for Drosophila—or by alteration of the 
diet, the effectiveness of the suppressor 
is destroyed—in this instance by interfer- 
ence with its action, and not by mutation. 
Thus, radiation or dietary factors may so 
upset a balanced genetic system as to 
evoke abnormal forms of growth. 

Similarly, radiation might evoke leu- 
kemia, or in the case of an accumulation 
of mutations in somatic cells over a 
lifetime, might alter the metabolic ma- 
chinery in such a way as to impair its 
resistance to variations in the external 
conditions of the environment, and thus 
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trigger a breakdown. Somatic mutation 
may be involved, but it is not necessary 
to explain the phenomena. 


Mutation as a Random Process 


Geneticists have often been quoted as 
saying that “mutation is a random proc- 
ess,” and this has been much misunder- 
stood. It does not mean, of course, that 
any imaginable sort of effect can be pro- 
duced by gene mutation within a particu- 
lar species. The viable modifications are 
definitely conditioned by the nature of 
the genes that mutate and by the har- 
mony of the normal processes of metab- 
olism and development. For example, 
although eye-color mutations in the 
fruit fly are numerous and of a consid- 
erable variety of colors, and although 
other species of flies have blue or green 
eyes, yet it seems to be quite beyond the 
range of possibility for Drosophila 
melanogaster to acquire, by mutation, 
a blue or green eye color. The spectrum 
of change is definitely limited. Nor, in 
the second place, does the randomness 
of mutation imply that all genes mutate 
at the same frequency, either spon- 
taneously or when acted upon by ioniz- 
ing radiations. 

Different genes have different stabili- 
ties, and under the same conditions some 
may mutate 100 times as frequently as 
others. What the “randomness” is in- 
tended to imply is that at the present 
time there is no way of affecting certain 
genes and not others, at least by means 
of radiation. All are equally exposed and 
mutate with a probability in accordance 
with their individual stability. Two iden- 
tical genes, one with a recent history of 
mutation and the other without, will 
both possess the same mutability. So far, 
it is impossible to direct the mutation 
process. Radiation acts blindly, and thai 
is why the deleterious nature of the vast 
majority of mutations is so important. 

3y means of several hundred roentgens 
of radiation, it might indeed be possible 
to increase the probability of obtaining 
a desirable mutation in a spermatozoon 
or egg cell to a chance of one per thou- 
sand. At the same time, the probability 
of getting a lethal mutation would have 
risen to one in four, and the probability 
of getting a mutation with some degree 
of harmfulness would have risen to vir- 
tual certainty. That is why we must wait 
for the slow processes of evolution to sort 
out the advantageous changes. 


Irreversibility and Deleterious 
Effect of Mutations 
Considering the nature of the altera- 


tions brought about by radiation in the 
hereditary material, and, furthermore, 


the capacity of the latter to replicate 
itself exactly, we can readily see why the 
effects of mutation are essentially irre- 
versible. The loss of a part of the genetic 
material is irreparable, and a large por- 
tion of all the hereditary changes in- 
duced by radiation consists of such losses. 
Alterations in the arrangement of the 
genetic material can be reversed only by 
an exact rearrangement to the original 
conditions, which the laws of probabil- 
ity must make exceedingly rare if the 
chromosomes are broken more or less at 
random. 

Thus, it is not surprising to find that, 
although spontaneous mutations may 
undergo reversion to the original state, 
the radiation-induced ones have rarely, if 
ever, been observed to do so. Conse- 
quently, once a mutation has been pro- 
duced by radiation and transmitted to 
the population, it continues its way from 
generation to generation unless it is 
either eliminated by the death or failure 
of its possessor to reproduce, or is ex- 
cluded by chance from represeniation in 
the progeny. 

It is also easy to comprehend why the 
vast majority of mutations have deleteri- 
ous effects on their possessors. It is now 
recognized that many, if not all, genes 
are concerned with the presence and 
specificity of particular enzymes, each of 
which governs some one chemical step 
in the metabolic pattern. There are ex- 
tremely few biochemical steps in metab- 
olism that can be altered with impunity, 
and most of them are in fact essential. 
It is little wonder, therefore, that when 
a mutation impairs the specificity of an 
enzyme it blocks a particular metabolic 
step more or less completely, and the 
usual outcome is fatal unless the organ- 
ism has some alternative way of supply- 
ing its needs. 

These theoretical considerations, which 
imply that most mutations are expected 
to be lethal or at least quite detrimental 
in nature, are supported by the experi- 
mental facts. Thus, in Drosophila about 
one-fourth of all mutations are lethal or 
semilethal, 15 to 20 percent produce ster- 
ility in one or both sexes, and nearly all 
the remainder, whether producing visible 
morphological changes or not, are sub- 
vital (72). Less than one in 100 of all 
mutations—probably nearer one in 1000 
—is definitely advantageous under exist- 
ing conditions, although some of the sub- 
vital ones might become neutral or even 
advantageous under altered circum- 
stances. 

Most dominant mutations thus quickly 
lose out in competition with their pre- 
viously selected, well-adapted alleles 
which are already established in the spe- 
cies. Only because most mutations are 
recessive—which is another way of say- 
ing that most genes are fairly efficient in 
a single dose, so that the alteration or 
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even loss of a single one of the two 
alleles representing each kind of gene 
does not block the controlled reaction— 
is it possible for harmful mutations to 
accumulate in the gene pool of a popula- 
tion. However, while recessive, harmful 
mutations do not produce their maxi- 
mum damage except when inherited in 
a double dose, through the mating of 
heterozygous carriers, nonetheless, as 
studies both of fruit flies and of mice 
now make clear, the efficiency of the sin- 
gle normal gene is rarely fully equal to 
that of two. In other words; there is some 
slight damage from harmful mutations 
even when they are heterozygous, some 
loss of fertility, or some impairment of 
vitality and shortening of the life span, 
even though no obvious visible defects 
are to be seen. 

This damage, very difficult to measure 
quantitatively, nevertheless must bear 
some relation to the load of hidden mu- 
tations, which has recently been esti- 
mated by Morton, Crow, and Muller 
(1/3) as amounting to four lethal equiva- 
lents per person in the human species. 
Against the heterozygous damage of 
harmful genes must be weighed the pos- 
sibility that mankind, like the fruit fly, 
is most vigorous in a heterozygous con- 
dition—that optimum vigor may result 
from the balancing of one set of genes 
that would be harmful if homozygous 
against another set that would also be 
harmful if homozygous. 

At this point we must confess our pres- 
ent ignorance and await the results of 
further experiments. Meanwhile, it must 
be stressed that whereas the just-men- 
tioned benefit of a hybrid nature may 
apply to man, it is very unlikely that it 
applies fully all down the viability spec- 
trum, to include the numerous recessive 
lethal genes as well as the moderately 
detrimental mutations. Hence it remains 
imperative to see that the burden of 
lethals (and seriously crippling defects) 
in the population does not become too 
great. It may not matter too much to 
an individual if he has some new, favor- 
able genes, if at the same time he is 
hopelessly afflicted. The principle is the 
familiar one of the acute ailment: one 
may be in fine shape in every other re- 
spect, but a severe toothache or peptic 
ulcer or migraine sours one’s entire out- 
look on life. 


Background Radiation 


We come now to appraise the current 
exposure of the general population to 
nuclear radiations. According to the 
views of most geneticists, although not of 
all, the effects of that exposure can best 
be weighed in relation to the magnitude 
of the spontaneous mutation rate, which 
is currently responsible for a certain 
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amount of tangible genetic defect in the 
population and for a certain load of 
wholly or partially hidden mutations car- 
ried in individuals who are heterozygous 
for them. If one could confidently as- 
sume that all spontaneous mutation was 
attributable to the background radiation 
of the environment, the problem would 
be fairly simple. Unfortunately, this can- 
not be done, since the spontaneous mu- 
tation rate is in most organisms demon- 
strably higher than could possibly be 
caused by the background. 

Many years ago Muller and Mott- 
Smith (/4) pointed out that for Dro- 
sophila not more than about 1/1000 of 
the spontaneous mutation could be 
caused by the background radiation. 
For longer-lived animals, a greater frac- 
tion may well be caused by the back- 
ground, since the over-all mutation rate 
in different species holds fairly constant 
(within about one order of magnitude), 
although the exposure to background 
radiation increases enormously with 
length of life. If the low-level radiation 
of the background in fact causes a pro- 
portionate amount of mutation, then in 
a species that lives a thousand times as 
long as Drosophila and whose gonads are 
equally exposed, all spontaneous muta- 
tion would be caused by the background. 
Haldane (15) has argued that this might 
possibly hold true for man. Man lives 
about 365 times as long as Drosophila, 
for their reproductive lifetimes are of 
the order of 30 days and 30 years, re- 
spectively. Thus, while it may not be 
very likely that for man the “doubling 
dose” of radiation—that is, the dose that 
would double the total spontaneous mu- 
tation frequency—is as small as the 
amount of the background radiation, it 
is quite possible that it may be no greater 
than three times the background. 

In the most recent estimate made by 
the consultants of the National Academy 
of Sciences Committee on the Genetic 
Effects of Atomic Radiation, John S. 
Laughlin and Ira Pullman (/6), the pre- 
vious estimate of the background radia- 
tion as amounting to a 4.3-roentgen 
gonadal dose over a 30-year period has 
been revised downward to 3.1 +0.6 rem. 
Of this amount, cosmic radiation contrib- 
utes 0.78+0.09 rem; earth and housing 
1.59+0.6 rem; atmospheric radioactiv- 
ity 0.06+0.03 rem; and internal radio- 
activity (from K*°, C4, and radium), 
beta and gamma, 0.54+0.09 rem, and 
alpha, 0.15 + 0.09 rem. 

The internal radioactivity of the body 
is derived mainly from the beta radia- 
tion of potassium-40, The data on terres- 
trial radiation are still meager, but it is 
evident that there is considerable varia- 
tion in its amount, depending on whether 
a person is over sedimentary rock or soil 
rather than over igneous rock, and on 
whether the habitation is wooden rather 


than brick, stone, or concrete. There are 
also certain areas where a population 
living on highly radioactive sands is ex- 
posed to considerably greater than the 
usual amounts of radiation—for exam- 
ple, in Brazil and India. On the coast of 
Travancore, where a fishing population 
leads a rather primitive life on monazite 
sands, the 30-year gonadal dose may pos- 
sibly be as high as 50 or even 150 roent- 
gens (17). 

If the doubling dose were equal in size 
to the background radiation, one would 
expect the frequency of tangible genetic 
defects in populations living at a par- 
ticular background level for a sufficient 
number of generations to approach an 
equilibrium at a frequency that would 
vary directly with the amount of the 
background radiation. If the threefold 
difference in frequency of congenital de- 
fects observed in certain populations 
compared with others were caused by a 
threefold difference in the amount of 
background radiation, it would follow 
that the doubling dose was equal in mag- 
nitude to the background radiation— 
that is, 3 roentgens. However, it may be 
argued against this possibility that if the 
doubling dose were indeed so low, then 
the frequency of genetic defect in the 
Travancore population living on highly 
radioactive soil should approach a fre- 
quency of not less than 30 to 40 percent, 
a level which might have been noticed 
even though no close study of the situa- 
tion has yet been made. 

Clearly, this is one question for which 
a genetic analysis is of extreme urgency. 
If the average gonadal dose of 10 roent- 
gens per person recommended for the 
general population as a “permissible 
limit” by the National Academy of Sci- 
ences Committee is in fact 3 times the 
doubling dose, instead of being, as was 
thought a year ago, probably not above 
one-fourth of the doubling dose, then a 
complete reevaluation of the recommen- 
dation is called for. 


Fallout 


No recent revision with regard to the 
exposure of the general population to 
fallout from weapons testing has been 
made, and the figures of a year ago seem 
to be accurate enough for an evaluation. 
The extrapolated gonadal dose of 0.1 
roentgen per reproductive lifetime at the 
average rate of fallout over the past 5 
years, or of 0.2 roentgen at the maximum 
rate, amounts to no more than 1 or 2 per- 
cent of the recommended maximum al- 
lowance and need not cause undue con- 
cern, The localization of iodine-131 in 
the thyroid and of strontium-90 in bone 
may arouse concern regarding their so- 
matic effects, such as the induction of 
leukemia, carcinoma, or shortening of 
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life, but by the same token their locah- 
zation lessens gonadal exposures from 
those sources. On the other hand, there 
is less evidence that cesium-137, another 
fallout product of importance and long 
life, is localized within the body and it 
might even be concentrated to some 
measure in the reproductive organs. This 
possibility must be carefully investigated. 


Artificial Sources of Radiation 


A year ago, in the Report of the Na- 
tional Academy of Sciences Genetics 
Committee (/8), the average gonadal 
exposure of the United States popula- 
tion to medical and dental uses of x-rays, 
radium, and radioactive isotopes was 
given a preliminary estimate, based on 
the studies of our consultants, J. S. 
Laughlin and I. Pullman, of about 3 
roentgens per reproductive lifetime. 
Their fuller survey of the available data 
(19) revises the probable dose to the 
gonads upward to 4.6+3 roentgens. 
Table 1 presents their estimate broken 
down into categories of dosage. 

They have made it clear (as likewise 
various radiologists have pointed out) 
that many of the data on which the esti- 
mates are based are limited to particular 
institutions or situations, that there is 
very great variation in actual practice, 
and that the statistical uncertainty of the 
estimates is great. Nevertheless, no better 
estimates can be made at this time from 
available data, and they are in agree- 
ment with very similar estimates of the 
exposure of the Swedish population to 
diagnostic x-rays which are referred to 
in statements made by the United Na- 
tions Scientific Committee on the Effects 
of Atomic Radiation (20). The British 
estimate of gonadal exposures to diag- 
nostic x-rays is considerably smaller, 
largely because the average number of 
examinations per year per person is 
lower. 

In spite of the higher individual ex- 
posures of medical personnel and atomic 
energy employees, occupational expo- 
sures add little to the average gonadal 
exposure of the whole population be- 
cause of the relatively small number of 
such persons. It has been estimated, for 
the United States and Great Britain, re- 
spectively, at 3 to 6 percent of the total 
exposure due to artificial sources. For 
such individuals and any others subjected 
to high individual doses, for whatever 
reason, the problem becomes one of the 
dosage level at which there will be a 
significant increase in the probability of 
tangible genetic “damage to their own 
children and grandchildren. This is why 
the National Academy of Sciences Ge- 
netics Committee has recommended an 
upper limit of exposure for occupational 
tisk totaling a 50-roentgen gonadal dose 
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from age 20 to age 30 and another 5() 
roentgens during the succeeding decade 
of life. The British committee (27) made 
an almost identical recommendation, 
though in the form of a lifetime total of 
200 roentgens and a limit of 50 roent- 
gens from conception to age 30. 

Our uncertainty about the precise lev- 
els of current exposure to artificial 
sources of radiation, and the foregoing 
rough estimates which indicate that the 
level may well be approaching 50 per 
cent of the total recommended “permis- 
sible dose” for the general population, 
make it imperative to set up some sort 
of personal recording of exposures, diffi- 
cult though that may be from every 
practical point of view. It is urgently ad- 
visable (i) because we so seriously need 
more precise data about exposures, and 
record-keeping is one obvious means to 
this end, even though it may be supple- 
mented and checked by other methods 
of recording total doses to the popula- 
tion; and (ii) because the existence of 
such a system of personal records will 


Table 1. Summary of the gentically effec- 
tive average gonad doses from medical 
diagnostic x-ray examinations and radia- 
tion therapy treatments received per per- 
son during one generation (30 years) by 
the population of the United States (19). 
The minimum average doses have been 
computed on the basis of the lowest gona- 
dal doses reported. Even further reduction 
can be obtained since improved techniques 
are used for some procedures for which 
the gonad doses are not yet measured. The 
probable average doses are based on an 
average of those reported measurements 
of techniques generally employed. 





Mini- Prob- 


mum able 
gonad gonad 
dose dose 
(roent- (roent- 
gens) gens ) 
X-ray diagnostic 
examinations 
Radiography 1.0 1.8 
Fluoroscopy 0.3 GS 
Photofluorograms 
and mass chest 
x-rays 0.006 0.006 
Dental x-rays 0.03 0.1 
Obstetrical x-rays 0.16 0.7 
Total diagnostic 
dose LSS I* . ALES" 
X-ray and radio- 
isotope therapy 
treatments 0.5 0.5 
Total gonad dose 2.0 4.6 








* Rough limits of error are added in this table on 
the basis of a verbal communication from J. S. 
Laughlin and I. Pullman to the Genetics Commit- 
tee of the National Academy of Sciences. The 
“total diagnostic dose” is considered by them to 
be a much firmer estimate than the figure for 
therapy treatments and, consequently, than the 
“total gonad dose.” 


probably, more than any other factor, 
provide the atmosphere of caution and 
prudence so necessary on the part of both 
the practitioner and the public. In the 
year since the Genetics Committee’s rec- 
ommendation was made, no definite 
steps have been taken by public authori- 
ties in this direction, so far as I know. 
Action, at least in the form of pilot ef- 
forts, should be specifically urged upon 
state and federal health authorities at 
this time. 

Competent radiologists have assured 
members of the Genetics Committee 
that it should be possible to reduce the 
average exposure of our United States 
population by at least half, without 
diminishing the needed medical and den- 
tal diagnostic information. This will be 
possible not only through the develop- 
ment of new devices, such as faster films 
and the amplification of fluoroscopic 
images, so as to provide the same or bet- 
ter information for less exposure, but 
also by means of more critical attention 
to proper shielding, filtration, and defi- 
nition of beam, by reducing the use of 
fluoroscopy and certain types of pelvim- 
etry which produce heavy exposures 
(in the latter case of two individuals in 
the population at once), and by limiting 
the use of diagnostic x-rays to situations 
where the information they provide is 
truly of value. With prudence and the 
aid of new developments in radiology 
which are just around the corner, it may 
even be possible to reduce diagnostic ex- 
posures to one-tenth of the current level, 
at which point they would become a 
minor problem. 


Peaceful Application of Atomic Energy 


Finally, it is necessary to look at the 
situation which is perhaps most likely to 
create future hazards in this area— 
namely, the development of atomic 
energy for peaceful applications. It is 
stated on good authority that a 100- 
megawatt heat reactor will produce an- 
nually the same quantity of long-lived 
fission products as the detonation of a 
1-megaton fission bomb (22). When it is 
envisioned that by 1965 Great Britain 
expects to be producing 6000 megawatts 
of atomic energy, and that within 20 
years the United States may produce 
20,000 to 40,000 megawatts, it is quite 
clear that the problem of the safe dis- 
posal of these fission products will be- 
come one of major proportions. 

True, the fission products will nor- 
mally be contained; but that does not 
avoid the problem of ultimate disposal. 
Can we depend on storage underground, 
with possible contamination of soil and 
water supplies? The Los Alamos labora- 
tory alone has already used up 40 acres 
in underground storage and needs a new 
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site for that purpose. Or can we envision 
storage in the ocean depths, with the 
possibility of an overturn of even stable 
waters sufficient to contaminate marine 
plant and animal life, and thus even- 
tually all that of the lands adjoining the 
sea? The very bulk of these long-lived 
fission products will be so enormous that 
containment within corrosion-proof ves- 
sels, even for 30 to 50 years, will be vir- 
tually impossible. 

Moreover, the occurrence of accidents, 
such as an‘occasional explosion of a re- 
actor or the wreckage in transit of ve- 
hicles carrying radioactive materials, 
cannot be dismissed as too improbable. 
Atomic power developed on a large scale 
cannot be immune to accident, any more 
than any other kind of human enterprise. 
If even 1 percent of the long-lived fission 
products produced at a 20,000 megawatt 
annual level of atomic power were to be 
released by leakage and accident, the 
effect would be equivalent to the radia- 
tion from 100 bombs of the Hiroshima 
size. 

The threat to mankind of exposure 
to radiation arising from the peaceful 
development of atomic energy may thus 


far outstrip not only that from current 
exposures due to weapons testing and 
fallout but even that from the exposures 
necessary for medical and dental diag- 
nosis. The only immediately obvious es- 
cape from so dire an outcome may lie 
in the rapid development of the hydro- 
gen fusion process as a source of energy. 
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W. Bothe, Experimental 


Nuclear Physicist 


Most of today’s nuclear physicists are 
too young to have known the time in 
which the foundation of their science 
was laid. The death of Walter Bothe (8 
January 1891-8 February 1957) reminds 
us of the years in which a handful of 
gifted researchers made one basic discov- 
ery after another with very primitive ex- 
perimental facilities. Their method of 
working can no longer be imitated to- 
day. The field has become too large, the 
experimental techniques are too in- 
volved. However, their way of thinking, 
the method they employed in choosing, 
from many possible problems, the im- 
portant ones, and the way in which they 
focused their attention on the physical 
result in spite of great emphasis on ex- 
perimental technique can be a lesson for 
us, particularly today when the exten- 
sion of the experimental method and its 
problems can all too easiiy veil the real 
goal of physical understanding. 
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Bothe was a student of Max Planck. 
He therefore started his career as a 
theoretical physicist. For his Ph.D. thesis 
he developed the theory of optical re- 
fraction and reflection from the scatter- 
ing of light by single molecules, Max 
Planck stressed independence in the work 
of his students. Bothe liked to tell that 
Planck only twice made a comment on 
the calculations that were submitted to 
him. In the first, he said, “This is still 
insufficient”; in the second, “Now you 
may finish.” 

In 1920, after an interruption of 
nearly 6 years, caused by World War I 
and long imprisonment in Siberia, Bothe 
started, with Geiger, his experimental 
career in physics at the Physikalisch- 
Technische Bundesanstalt (the German 
Bureau of Standards). Even from rou- 
tine measurements in the laboratory he 
was able to gain new insight which led 
to publications. However, he soon turned, 
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fully supported by Geiger, to the fasci- 
nating problems which the rapidly devel- 
oping quantum theory set for experi- 
mentalists. Geiger’s work with alpha rays 
was carried on in Rutherford’s labora- 
tory. Bothe turned his attention to the 
behavior of beta rays. With the cloud 
chamber he examined their tracks and, 
by means of theory, was able to classify 
the complicated phenomena. His ar- 
ticles on beta rays in the well-known 
Handbuch der Physik are classic exam- 
ples of the way in which a confused pic- 
ture may be clarified by theoretical treat- 
ment and appear, finally, quite simple. 

That was one of the great periods of 
physics, marked by the penetration of 
the concept of quanta into “classical” 
considerations, A large circle of famous 
physicists was gathered in Berlin, of 
whom I shall name only Planck, Einstein, 
v. Laue, and Nernst. The extensive ex- 
change of ideas between them found 
visible expression in their joint seminars. 
There, innumerable problems which 
arose from the new point of view were 
discussed. Bothe’s entrance into this cir- 
cle resulted in stimulation for experi- 
mental investigations, which he then also 
performed. The best-known result of 
these endeavors is his work with Geiger, 
in which it was shown that, in the scat- 
tering of light quanta on _ electrons 
(Compton-effect), the law of conserva- 
tion of energy is valid not only on the 
average but also for the single elemen- 
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tary process. This was one of the im- 
portant foundations for the further de- 
velopment in quantum theory. 

The investigation on the Compton 
effect consisted in exploring the simul- 
taneous appearance of scattered light 
quanta and ejected electrons. The detec- 
tion of single electrons and x-ray quanta 
had been made possible a short time 
earlier with the help of Geiger’s point- 
counter (a forerunner of today’s counter 
tube), which was in such an imperfect 
form that students, nowadays, would re- 
fuse to use it. In each such point-counter 
the recoil electrons, or the scattered 
quanta, produced a current impulse; the 
coincidence of these impulses was de- 
termined by registering, on the same 
moving film, the deflections of two elec- 
trometers that were connected to the 
point-counters. By illumination of both 
electrometer-threads with the same in- 
termittent light source, the coincidence 
was established within 1/1000 second. 

With this work, a new research tool 
was established—the coincidence method 
—which since then has found innumer- 
able applications. At first this new 
method was developed only as far as 
was necessary to achieve the physical 
goal. This is typical of Bothe’s working 
method. The apparatus that he used was 
thought through completely, but it was 
built as primitively as possible. He used 
to say, “a good apparatus has to collapse 
after the last measurement.” Nothing 
made him as angry as a “work-saving” 
installation which required more work 
for its development than it saved. He 
himself developed the first “coincidence 
amplifier” as a replacement for the tedi- 
ous photographic evaluation method and 
has described its theory completely, but 
he was openly skeptical about the large 
expansion in the development of elec- 
tronic circuits. 

The coincidence method soon yielded 
another fundamental result. Together 
with Kohlhorster, Bothe succeeded in 
proving that the mysterious cosmic ultra- 
radiation consists of very penetrating 
particles which, in their experiment, 
made each of two counter tubes, one of 
which was located above and the other 
below a large lead block, respond. 

This insight, decisive for their field, 
at once gave the two researchers the idea 
that, because of the earth’s magnetic 
field, the radiation should be greater at 
the poles than at the equator. A trip to 
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Spitzbergen failed to confirm this because 
the increase toward the north is already 
terminated in our latitudes. However, 
the travels of other researchers toward 
the south confirmed the original sup- 
position. 

Bothe had turned, in the meantime, 
to another field in which fundamental 
findings could still be expected—to the 
physics of the atomic nuclei. At the start, 
he used a tool that had not yet been ap- 
plied in this field, which was then gov- 
erned by the Rutherford schoo!—namely, 
the point-counter and the Geiger-Miiller 
counter tube. He was thinking, appar- 
ently, of something which, later, he was 
the first to call “nuclear spectroscopy” — 
that is, that nuclear transformations are 
characterized by the type and the energy 
of the nuclei involved. If nuclei of the 
same type but of different energies ap- 
pear, then transitions must be possible 
which correspond to the emission of 
light, and this light emission must be 
coupled in timing with the correspond- 
ing particles that arise from transforma- 
tion. He first investigated, therefore, 
(with Franz) the particle energies that 
appear in certain transformations. He 
then discovered (with Becker) the 
gamma radiation that occurs in such 
transformations. And, thereby, some- 
thing completely new was discovered. 
Gamma radiation occurred in the bom- 
bardment of elements where previously 
no particles resulting from transforma- 
tion had been observed. The quantum 
energy of the gamma radiation which 
he was able to determine with a new 
coincidence method was greater than 
that of the bombarding particles; it 
could therefore not be simply a matter 
of the excitation of an atomic nucleus. 
To solve this puzzle, several laboratories 
started to work at once on this problem, 
until Chadwick solved it with the dis- 
covery of the neutron. 

Since Bothe was now one of the lead- 
ing experimental physicists, it was in- 
evitable that the fruitful period of pure 
research with Geiger should be termi- 
nated by calls to universities, which 
brought him to Giessen and, soon after- 
wards, to Heidelberg. There he finally 
took over, again, a pure research insti- 
tute, the Kaiser-Wilhelm-Institut (now 
Max Planck Institut), which he directed 
until his death. With a very small group, 
the work in nuclear physics was con- 
tinued. A small Van-de-Graaff generator 


Iw 


supplemented the previously exclusive 
use of radium compounds as sources of 
radiation. The correlation between par- 
ticle radiation and quantum radiation in 
nuclear transformation was proved; in 
transformations produced by fast neu- 
trons, resonance phenomena were discov- 
ered which confirmed Bohr’s model of 
the atomic nucleus, established at the 
same time. Numerous new transforma- 
tions could be discovered with hard 
gamma rays, and it was finally possible 
also to establish the effect of nuclear 
isomerism (the appearance of nuclei 
which differ in energy content only), 
which had remained a mystery for a long 
time. 

This development was interrupted by 
World War II and the postwar period. 
Subsequent years were filled mainly with 
the training of young physicists, a prob- 
lem to which Bothe dedicated himself 
with complete devotion and great suc- 
cess. He died before this activity could 
bear all its fruit. 

In a short, unpublished paper which 
he wrote a few months ago, Bothe identi- 
fied himself with a working method with 
which he himself was able to make ex- 
ceptional contributions to the progress 
of physics. He talks of the “intensive 
working method” as an attempt to rec- 
ognize fundamental problems and _ to 
work them out with a minimum expen- 
diture of money and personnel, in con- 
trast to the “extensive,” more diffuse, 
method, which he admits often reaps the 
fruits of the primary investigations— 
something he himself experienced. 

Those who knew him know that there 
was more behind his successes than his 
working method. Bothe was a man of 
very extraordinary talents in many 
spheres outside that of science; he was 
a deeply artistic man, with a nearly con- 
suming intensity in everything he did as 
well as in his thinking. Since the sphere 
of our science has so greatly increased, 
and since most successes, nowadays, are 
brought about by the cooperation of 
many, he will remain, for us, a unique 
example. 

H. Mater-Lerenitz 
Laboratory of Technical Physics, 
Technical High School, 
Munich, Germany 

We are indebted to A. M, Akeley of 
the department of physics, Purdue Uni- 
versity, for translating this article from 
the German. 
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Chicago Low-Temperature Lab 


A large noncommercial laboratory for 
research at temperatures near absolute 
zero (~460°F) was opened last month 
at the University of Chicago’s Institute 
for the Study of Metals. The building 
will be used by physicists, chemists, and 
metallurgists who since 1945 have been 
conducting their basic experiments un- 
der the west stand of Stagg Field, where 
the first atomic pile was built and op- 
erated in 1942. Earl A. Long, professor 
of chemistry who has been at the univer- 
sity since 1956 and who was assistant 
director of Los Alamos Scientific Labo- 
ratory during World War II, is director 
of the Institute for the Study of Metals 
and of the new laboratory. 

The low-temperature laboratory con- 
tains equipment that can produce 50 
quarts per hour of liquid hydrogen at 
— 423°F, and 8 quarts per hour of liquid 
helium at —453°F. Additional equip- 
ment to permit an output of 20 quarts of 
liquid helium per hour is planned. 

The liquefied gases will be used in 
the new building’s seven experiment 
rooms. Here, in addition to structural 
observations, studies will be made of such 
extreme cold phenomena as superconduc- 
tivity of supercooled lead and the nature 
of the liquefied gases themselves—for ex- 
ample, their defiance of gravity and their 
frictionless flow. 


Carnegie Supports Educational 
Psychology at Northwestern 


A 3-year program of teaching, re- 
search, and training in educational psy- 
chology will be supported at Northwest- 
ern University by a grant of $156,000 
from the Carnegie Corporation of New 
York. The Northwestern appropriation is 
included among new grants totaling al- 
most half a million dollars that have just 
been announced by Carnegie. 

Under the Northwestern program, fac- 
ulty members of both the school of edu- 
cation and the department of psychology 
will join together to develop new under- 
graduate and graduate courses in educa- 
tional psychology. These courses will in- 
clude more knowledge of basic research 
on human behavior than is provided in 
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the usual teacher-training curriculum. 
The Northwestern group will also outline 
a program of basic research needed in 
the field. A portion of the Carnegie funds 
will be used for the training of graduate 
students. 

Other new Carnegie grants include one 
of $55,000 to the National Education As- 
sociation for a conference on gifted stu- 
dents; another of $36,000 to Illinois 
Institute of Technology for the develop- 
ment of a new approach to mathematics 
teaching; and one of $66,000 to the Uni- 
versity of Maryland for developing an 
experimental program of mathematics 
for the junior high school. 


Standard Musical Pitch 


One of the lesser known services of 
the National Bureau of Standards is the 
broadcasting of a musical tone of stand- 
ard pitch—middle A at 440 cycles per 
second—over its shortwave _ stations 
WWV (Beltsville, Md.) and WWVH 
(Maui, Hawaii). These broadcasts make 
standard pitch available day and night 
throughout the United States and over 
much of the world. Since a short-wave 
receiver is all that is needed, easy access 
to standard pitch is thus provided for 
piano tuners and amateur and profes- 
sional musicians as well as for makers 
of musical instruments. 

A 600-cycle-per-second tone is also 
broadcast. This, together with the 440- 
cycle-per-second tone, is used by scien- 
tists, electronics engineers, and manufac- 
turers in the measurement of short inter- 
vals of time and for calibrating instru- 
ments and devices that operate in the 
audio and ultrasonic frequency ranges. 
Both the 440- and the 600-cycle-per-sec- 
ond tones are obtained from an elec- 
tronic, crystal-controlled oscillator and 
are accurate, as transmitted, to better 
than 1 part in 100 million. 

In this country, A = 440 cycles per sec- 
ond has been accepted as standard pitch 
since 1925. Initially, this value was 
agreed upon by the Music Industries 
Chamber of Commerce as a useful com- 
promise among the various pitches 
chosen arbitrarily by different musical 
groups. In 1936 the same pitch standard 
was adopted by the American Standards 


Association, giving it the status of an 
industrial standard. Three years later the 
International Federation of the National 
Standardizing Associations sponsored a 
conference in London. France, Germany, 
Great Britain, Holland, and Italy sent 
delegates, and the United States and 
Switzerland sent official messages. Six of 
the. seven countries independently pro- 
posed A= 440 as the standard, and the 
conference adopted it unanimously. The 
same standard was again endorsed by 
the International Organization for Stand- 
ardization in 1953 and was accepted as 
an ISO Recommendation in 1955. 

The National Bureau of Standards 
maintains the A=440 standard as the 
one on which general agreement has been 
reached. The musical merits of any par- 
ticular standard are, of course, outside 
its province. 

Previous standards of pitch were de- 
fined in terms of the frequency of a par- 
ticular tuning fork or bar, or the length 
of a specified vibrating air column (or- 
gan pipe). Since the sound frequencies 
generated by these devices vary with the 
surrounding temperature, it is necessary 
to specify the temperature at which com- 
parisons with these standards should be 
made. 

In 1859 the “Diapason Normal” was 
defined in terms of a standard tuning 
fork deposited by the French Govern- 
ment at the Paris Conservatory of Music. 
The vibration frequency of this fork was 
stated to be 435 cycles per second when 
measured at the then standard laboratory 
temperature of 15°C. When R. Koenig 
(1880) made a careful determination of 
the frequency, it proved to be 435.45 
cycles per second at 15°C and to have 
a thermal coefficient of — 0.0486 cycle 
per second, per degree centigrade. Thus 
the fork would really have the defined 
standard frequency at slightly over 24°C, 

From a technical point of view, the 
present standard of musical pitch, as 
maintained by NBS, has the advantage 
that it is free from the vagaries of the 
material objects (tuning forks, organ 
pipes) that embodied past standards. A 
tone is produced that for all practical 
purposes is independent of the tempera- 
ture of the surroundings. 


U.N. Urges Live Poliovirus Testing 


A 12-nation group of experts of the 
World Health Organization has urged 
large-scale trials of a new polio vaccine 
prepared from live virus. The live-virus 
vaccine is taken by mouth instead of be- 
ing injected. It is prepared from strains 
of virus that have been attenuated so 
that they are no longer able to cause 
the disease but stimulate protection 
against it. 

If the trials prove successful, accord- 
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ing to the special WHO committee, the 
live-virus vaccine will provide reliable 
and enduring immunity against paralytic 
poliomyelitis. It would also eliminate or 
substantially reduce virulent strains. The 
committee believes that the present Salk 
killed-virus vaccine is not able to achieve 
this kind of result. Committee members 
emphasized that the new vaccine should 
be considered an adjunct to the Salk 
vaccine, although it might eventually re- 
place it. 

There is an unlikely but possible haz- 
ard in the use of the live-virus vaccine, 
since it has not been conclusively de- 
termined whether viruses excreted by im- 
munized persons could prove dangerous 
to others. Viruses excreted by human 
beings were injected into the spinal fluid 
of chimpanzees without harm. 


AEC Nuclear Technology 
Fellowships 


Applications are again being accepted 
for Atomic Energy Commission special 
fellowships in nuclear technology. These 
awards are available to students starting 
their work at the beginning of the second 
semester or quarter, or third quarter, of 
the 1957-58 year. The fellowship pro- 
gram is administered for the AEC by 
Oak Ridge Institute of Nuclear Studies. 

Completed applications should be sub- 
mitted not later than 15 Oct. Forms may 
be obtained from the Fellowship Office, 
Oak Ridge Institute of Nuclear Studies, 
P.O. Box 117, Oak Ridge, Tenn. 

These fellowships, which carry  sti- 
pends of $1800 plus tuition and depend- 
ency allowances, are open to students 
with a bachelor’s degree in engineering, 
chemistry, mathematics, or physics, who 
have completed a course in ordinary dif- 
ferential equations. Fellows must be 
United States citizens. Before fellowship 
appointments become effective, the ap- 
plicant must be accepted as a candidate 
for a graduate degree by an institution 
participating in the program. A list of 
these institutions is included with the ap- 
plication form, and applicants may make 
their choice from among them. 


Proposed Legislation 


Of the many bills introduced in Con- 
gress, some have a special relevance to 
science and education. A list of such 
bills introduced recently follows: 

S 2447. Authorize and direct Secretary 
of Interior to undertake continuing stud- 
ies of effects of insecticides, herbicides, 
and fungicides upon fish and wildlife for 
purpose of preventing losses of those 
natural resources following spraying and 
to provide basic data on various chemi- 
cal controls so that forests, croplands, 
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and marshes can be sprayed with mini- 
mum losses of fish and wildlife. Mag- 
nuson (D Wash.) Senate Interstate and 
Foreign Commerce. 

HR 8461. Amend Atomic Energy Act 
of 1954 to provide for appointment of 
representatives of U.S. in organs of In- 
ternational Atomic Energy Agency; make 
provisions re participation of U.S. in that 
agency. Cole (R N.Y.) Joint Atomic 
Energy. 

S 2490. Provide for control of noxious 
weeds on land under control or juris- 
diction of Federal Government. Hum- 
phrey (D Minn.) Senate Agriculture and 
Forestry. 

HR 8571. Provide federal insurance 
for loans made to science and engineer- 
ing students. Lane (D Mass.) House 
Education and Labor. 

HR 8629. Protect public health by 
amending the Federal Food, Drug, and 
Cosmetic Act to prohibit the use in food 
of additives which have not been ade- 
quately tested to establish their safety. 
Wolverton (R N.J.) House Interstate 
and Foreign Commerce. 

H J Res 399. Amend act of Congress 
approved 7 Aug. 1935 (PL 253), con- 
cerning United States contributions to 
the International Council of Scientific 
Unions and certain associated unions. 
O’Hara (D Ill.) House Foreign Affairs. 

S 2501. Authorize 88 positions for 
specially qualified scientific and profes- 
sional personnel in the Department of 
Commerce at rates of compensation not 
to exceed the maximum rate payable 
under PL 313, 80th Congress, as 
amended, and PL 854, 84th Congress. 
Johnston (D S.C.) Senate Post Office 


and Civil Service. 


News Briefs 


Columbia University has received a 
large collection of documents by and 
about the late Otto Rank, psychothera- 
pist and student and associate of the 
late Sigmund Freud. Also included 
among the gifts were three of Freud’s 
original manuscripts. 

* * * 

The French research reactor at Saclay 
has begun to operate on nuclear energy, 
utilizing heavy water made available to 
France by the U.S. Atomic Energy Com- 
mission. 

* * * 

The Philadelphia College of Osteopa- 
thy has announced plans to erect an 
osteopathic center on a 16-acre tract in 
Philadelphia at a cost of $10 million. 
Among the buildings will be two hos- 
pitals, with a total of 600 beds. 

* * * 

National Science Foundation publica- 
tions are available to all scientists who 
have need for them. Lists of publications 


may be obtained from the foundation. 
Requests should be addressed to the 
Publications Office, National Science 
Foundation, Washington 25, D.C. 

* * * 

The corporate name of North Ameri- 
can Instruments, Inc., has been changed 
to Northam Electronics, Inc. The com- 
pany is a subsidiary of Norris-Thermador 
Corporation, with headquarters in Los 
Angeles, Calif. 

* * * 

A centennial program in memory of 
Elisha Mitchell, chemist, geologist, and 
mathematician, was held on the summit 
of the mountain near Asheville, N.C., 
that bears his name. It was the second of 
three programs planned by the Univer- 
sity of North Carolina in observance of 
the centennial of Dr. Mitchell’s death. 
The third will take place this fall at 
Chapel Hill. 

* * * 

The blue whale, the biggest animal 
ever known to exist, is in danger of be- 
coming extinct owing to overhunting. 
Under international treaty, each year’s 
take is limited, but it is feared that, un- 
less the killings are further reduced, the 
species may not survive. 

* * * 

Aerojet-General Corporation, Azusa, 
Calif., has announced the establishment 
of a new Astronautics Research Labora- 
tory for investigation in propulsion, astro- 
physical chemistry, and materials. 

* * * 

A lifelike cast of Latimeria, the living 
coelacanth and survivor of a 300-million- 
year-old species, is being exhibited at the 
American Museum of Natural History, 
New York. It was purchased from the 
Natural History Museum in Paris. 

* * * 

BJ Electronics, a facility of Borg- 
Warner Corporation, has begun opera- 
tion of a new electronic performance and 
environmental testing laboratory at Santa 
Ana, Calif. 

* * * 

Total iron-ore resources of the United 
States are about 75 billion long tons of 
crude ore, according to a recent estimate 
by the U.S. Geological Survey. Since the 
last summary of iron-ore resources was 
published in 1955, the estimated total of 
major deposits has been increased by 
more than 25 billion long tons, partly as 
the result of further exploration and 
more complete information but princi- 
pally by the inclusion of additional low- 
grade material in the Lake Superior re- 
gion. 


Career Choice of Merit Scholars 


The 1957 Merit Scholarship Program 
conducted a survey of the career choices 
and proposed fields of specialization in 
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college of the Merit Scholars and final- 
ists. Results of the survey for scholars 
and for students who became finalists in 
the competition are listed in Table 1. 


Table 1. 1957 Merit scholarship program. 





Scholars 








Finalists 
Career Se a 
Boys Girls Boys Girls 
Career choice 
Engineering 158 3. 1657 54 
Research ~ 
Academic 19 7 166 63 
Industrial 170 °44 1170 314 
Government 7 2 77 22 
Medicine 
Physician 46 23 414 124 
Related fields 
(nursing, tech- 
nology, phar- 
macy ) 2 4 he eg Ue 
Teaching i Sai Mi Ai A | 
Business 40 12 257 97 
Law 36 3: «318 22 
Ministry 14 96 7 
Government 
service 10 8 105 119 
Social work, psy- 
chology 6 7 46 105 
Library work 3 1 16 
Writing, journal- 
ism, radio 11 11 103 = 172 
Arts: design, 
music, theater 4 5 79 79 
Agriculture, 
forestry 2 15 1 
Miscellaneous 1 1 6 22 
Undecided or no 
information 14 By wee. Pol 
Total 614 217 5227 2269 


Proposed fields of specialization in college 
Engineering 


Aeronautical 11 151 4 

Chemical 40 2 358 17 

Civil 8 114 2 

Electrical 51 1 526 7 

Mechanical 17 245 4 

Metallurgical, 

mining 5 23 1 

Architecture 3 Ad 7 

Not specified 26 1 272 9 
Total 161 4 1733 51 
Science 

Biology 12 5 80 86 

Premedical 29 16 299 100 

Chemistry 45 35 414 220 

Geology, geo- 

physics 8 1 34 4 

Mathematics 49 27 304 216 

Physics 122) = 4S: > -BS§ 71 

Not specified 14 7 se alia Te 
Total 279 104 2057 875 
Liberal arts 

Humanities 46 “i 360 599 


oo ¢ 


3 
Social sciences 74 5 541 455 
Not specified 8 4+ 72 26 
Total 128 92 973 1080 
Business 26 + 
Miscellaneous 10 11 
Undecided or no 
information 10 2 
Total 614 217 5 
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Scientists in the News 


PAUL E. KLOPSTEG has been 
named associate director for research of 
the National Science Foundation. For- 
merly an associate director of the foun- 
dation and more recently an NSF con- 
sultant, he will now be responsible for 
the foundation’s activities in support of 
basic research in the sciences. Klopsteg 
has been professor of applied science and 
director of research at Northwestern 
Technological Institute, Evanston, IIl., 
and is professor emeritus at Northwest- 
ern University. 


A. M. PAPPENHEIMER, Jr., chair- 
man of the microbiology department in 
the College of Medicine, New York Uni- 
versity, will become professor of biology 
at Harvard University a year from now. 
He will direct the program of tutoring in 
the biochemical sciences in Harvard Col- 
lege. This includes some 150 under- 
graduates preparing for careers in medi- 
cine and biological research. 

While he was senior chemist at the 
Massachusetts State Antitoxin and Vac- 
cine Laboratory before World War II, 
Pappenheimer isolated the diphtheria 
toxin in purified form. He has since 
studied toxin production by the diph- 
theria bacillus and the mechanism by 
which toxin exerts its lethal action. His 
recent research has centered on delayed 
hypersensitivity, especially the allergy 
resulting from chronic bacterial infec- 
tions. 


SHERWOOD K. HAYNES, professor 
of physics at Vanderbilt University, has 
been named head of the department of 
physics and astronomy at Michigan State 
University. He will take up his new duties 
on a part-time basis on 1 Sept. and full 
time next 1 Feb. 


J. B. S. HALDANE, professor of bi- 
ometry at University College, London, 
and one of Britain’s leading geneticists, 
left England on 24 July to settle in India. 
He was accompanied by his wife, Helen 
Spurway, who has been a lecturer on 
genetics and animal behavior at Univer- 
sity College. The two scientists will work 
together in the Indian Statistical Office 
in Calcutta. 


CHARLES S. HOWARD retired 31 
July after 37 years as chemist with the 
water quality branch, Water Resources 
Division, U.S. Geological Survey. With 
W. D. Collins, former chief of the branch, 
he did pioneer work in investigations of 
water quality throughout the United 
States. 

Howard joined the survey in 1920 
after a year as chemistry teacher at the 
U.S. Naval Academy. He has written 
many papers on the chemistry of water 


and is particularly well known for his 
contribution to knowledge of the sedi- 
ment and chemical characteristics of the 
Colorado River. He earned his B.S. de- 
gree at Worcester Polytechnic Institute 
in 1918, his M.S. degree at American 
University in 1925, and his Ph.D. degree 
at American University in 1928. 


JOHN B. BROWN, specialist in the 
chemistry of fats, has been appointed 
chairman of the department of physi- 
ological chemistry and pharmacology at 
Ohio State University, succeeding 
CLAYTON S. SMITH, who retired 
from active teaching duties this sum- 
mer after 37 years of service. The new 
chairman, a member of the Ohio State 
faculty since 1924, continues also as di- 
rector of the university’s Institute of Nu- 
trition and Food Technology. 


MICHAEL T. CRONIN has been 
named manager of the newly formed 
department of toxicology and pathology 
in the research laboratories of Schering 
Corporation, Bloomfield, N.J. He previ- 
ously had been associate pathologist at 
Penrose Research Laboratories, Philadel- 
phia, Pa., and assistant professor of vet- 
erinary pathology at the University of 
Pennsylvania. 


MICHAEL HEIDELBERGER start- 
ed on 1 Aug. upon a deferred terminal 
sabbatical leave from Columbia Univer- 
sity, where he is now emeritus profes- 
sor of immunochemistry. He will pre- 
sent a paper at the second International 
European Congress on Clinical Chem- 
istry in Stockholm (19-23 Aug.) and 
then visit a number of European coun- 
tries. From October until January, on 
leave from Rutgers University, he will 
conduct research and lecture at the Fac- 
ulté de Pharmacie of the University of 
Paris. In about the middle of January 
1958 he is to give the York lecture at 
the University of British Columbia, Van- 
couver, after which he will return to 
Rutgers University to resume his duties 
as visiting professor of immunochemistry. 


The New England Center Hospital 
has announced the establishment of a 
new department of infectious diseases 
under the direction of LOUIS WEIN- 
STEIN who, in addition to being named 
chief of the new unit and senior physician 
at the hospital, has also been appointed 
professor of medicine at Tufts University 
School of Medicine. Both the hospital 
and the medical school are part of Bos- 
ton’s New England Medical Center. To 
accept these appointments, Weinstein 
has resigned as chief of the Infectious 
Diseases Service at Haynes Memorial of 
the Massachusetts Memorial Hospitals 
and as associate professor of medicine 
at Boston University School of Medicine. 
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MAX W. GARDNER, for 25 years 
professor of plant pathology at the Uni- 
versity of California, became professor 
emeritus on 1 July. He was chairman of 
the Berkeley-Davis departments of plant 
pathology from 1936 to 1954. He plans to 
continue residence in Berkeley. 


WILLIAM C. STADIE, professor 
emeritus of research medicine, University 
of Pennsylvania, has received the Alva- 
renga prize of the College of Physicians 
of Philadelphia for his contributions to 
knowledge of carbohydrate metabolism. 
The Alvarenga prize was established by 
the will of Pedro Francisco DaCosta Al- 
varenga of Lisbon, Portugal, as associate 
fellow of the College of Physicians of 
Philadelphia, to be awarded annually by 
the college on the anniversary of the 
death of the testator, 14 July 1883. 


WALTER L. MALLMANN,, professor 
of microbiology and public health at 
Michigan State University, will make a 
study in the eastern Mediterranean coun- 
tries for the World Health Organization. 
Mallmann, who has written more than 
200 books and articles on various phases 
of bacteriology, will survey the food in 
the countries from a public-health aspect. 

Besides his 3-month study for WHO, 
Mallmann will also visit various labora- 
tories in Europe. He will be on leave 
from Michigan State from 1 Sept. 1957 
to 31 May 1958. 


ALFRED L. COPLEY, formerly of 
New York City, has accepted a position 
as director of experimental research in 
vascular diseases at the new Medical 
Research Laboratories, Charing Cross 
Hospital, part of the University of Lon- 
don. Copley, an experimental physiolo- 
gist, has been working since 1952 in Paris, 
France, at first as head of the Laboratory 
of Physiology at the International Chil- 
dren’s Center, and later as Chargé de 
Recherches of the Institut National d’Hy- 
giéne. Copley’s work will, as in Paris, 
also be aided by a grant from the Na- 
tional Science Foundation, Washington. 
He will continue his investigations of the 
endothelium in relation to hemorrhage 
and of thrombosis and atherosclerosis. 


JOHN H. CONOVER has been 
named meteorologist and acting director 
of the Harvard University’s Blue Hill 
Meteorological Observatory, effective 1 
Sept. He will be in charge of the observa- 
tory in the interim between the retire- 
ment this summer of CHARLES F. 
BROOKS, professor of meteorology at 
Harvard and long-time head of the uni- 
versity’s weather research station, and 
the arrival of RICHARD M. GOODY, 
British physicist, who will become pro- 
fessor of meteorology and observatory di- 
rector on 1 July 1958. 
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ERICH FROMM, director of the de- 
partment of psychoanalysis at the Na- 
tional University of Mexico, has joined 
the staff of Michigan State University as 
professor of psychology. He will conduct 
a concentrated seminar, the first half to 
be given in October and the other half 
in the spring term. He will also be avail- 
able for consultation with the faculty and 
graduate students in the social sciences 
and related fields. Fromm, author of 
Escape from Freedom and the recently 
published The Art of Loving, will con- 
tinue to spend a major portion of his time 
on research in Mexico, where he cur- 
rently is investigating factors influencing 
the social and psychological revitalizing 
of a Mexican village. 


SPAS S. IVANOFF, acting head of 
the department of plant pathology and 
physiology at Mississippi Agricultural 
Experiment Station, has been named 
head of the department. 


WILLIAM V. MAYER, acting head 
of the department of biology at the Uni- 
versity of Southern California, Los An- 
geles, has been appointed chairman of 
the department of biology at Wayne 
State University, effective 1 Sept. 1957. 


ALLEN H. SCHOOLEY has resumed 
his position as superintendent of the Elec- 
tronics Division at the Naval Research 
Laboratory in Washington, D.C., after a 
year’s leave of abserice as an adviser to 
the Brazilian Navy in matters related to 
the establishment of a Brazilian Naval 
Research Institute. 


GEORGE GAMOW, professor of 
physics at the University of Colorado, 
will give the sixth annual Edsel B. Ford 
lecture on 8 Oct. in the auditorium of 
the Henry Ford Hospital in Detroit, 
Mich. He will discuss “Molecular ge- 
netics.” The lecture will be given under 
the combined auspices of the Henry Ford 
Hospital Medical Society and the Edsel 
B. Ford Institute for Medical Research. 


ROLAND W. WINTERFIELD, for- 
merly research professor in the depart- 
ment of veterinary science at the Uni- 
versity of Massachusetts, has joined the 
staff of the American Scientific Labora- 
tories, Inc., Madison, Wis., where he is 
associate research veterinarian. He is a 
specialist in poultry respiratory diseases. 


This year’s honorary degree recipients 
include the following: 

CHARLES B. HUGGINS, professor 
of urology and director of the Ben May 
Laboratory for Cancer Research at the 
University of Chicago, from Torino Uni- 
versity, Italy. 

JOSEPH KAPLAN, professor of phys- 


ics at the University of California, from 


Carleton College and from Notre Dame 
University. 

E. W. R. STEACIE, president of the 
National Research Council of Canada, 
from St. Lawrence University. 

HAROLD B. TUKEY, head of Michi- 
gan State University’s department ot 
horticulture, from Hannover Institute of 
Technology, Germany. 


Recent Deaths 


ERNST A. BESSEY, East Lansing, 
Mich.; 80; emeritus professor of botany 
at Michigan State University, early in 
his career professor of botany at Louisi- 
ana State University; secretary of AAAS 
Section G, Botanical Sciences, in 1901; 
17 July. 

ROBERT CHAMBERS, Concord, 
N.H.,; 75; until recently chief of the Lab- 
oratory of Experimental Cell Research, 
Marine Biological Laboratory, from 1928 
to 1947 research professor of biology at 
Washington Square College, New York 
University, and previously professor of 
microscopic anatomy at Cornell Medi- 
cal College; past president of the Union 
of American Biological Sciences, the 
American Society of Zoologists, and the 
Harvey Society; 22 July. 

ALFRED E. COHN, New Milford, 
Conn.; 78; specialist in the human heart 
and emeritus member of Rockefeller In- 
stitute for Medical Research; made 
fundamental contributions to the tech- 
nique of electrocardiography and was 
the first to use the electrocardiograph in 
the U.S.; author of philosophic and hu- 
manistic, as well as scientific, works; 20 
July. 

JAMES L. FINCH, Mineola, N.Y.; 
64; assistant chief engineer for Radio 
Corporation of America Communica- 
tions, inventor and pioneer in interna- 
tional radio communication; 22 July. 

JOSEPH B. HERSHMAN;; 57; for- 
mer president of Valparaiso Technical 
Institute, director of radio, Dodge’s Tele- 
graph and Radio Institute; 29 June. 

WELLINGTON D. JONES, St. Jo- 
seph, Mich.; 71; emeritus professor of 
geography at the University of Chicago, 
for a period dean of science in the Col- 
lege of Arts, Literature and Science, and 
in 1924—25 associate dean of the College; 
24 July. 

C. S. McDOWELL, Bohemian Grove, 
Calif.; 72; engineer, formerly president 
and general manager of Arma Corpora- 
tion, supplier of naval apparatus, coordi- 
nating engineer for the building of the 
Mount Palomar telescope; helped to 
found the New London, Conn., subma- 
rine school; 18 July. 

JOSEPH R. MINEVITCH, Boston, 
Mass.; 65; chemical engineer and presi- 
dent of the newly formed J. R. Minevitch 
and Associates; plant designer; 3 July. 


251 








Nature of 
Solvent Transfer in Osmosis 


The phenomenon of osmosis appears 
to be looked upon with sharply differ- 
ing points of view by many physiologists 
and others in related disciplines. The 
traditional view of workers in the field 
of capillary and glomerular permeabil- 
ity, as typified by the work of Starling 
and Landis and, in more recent years, 
by the work of Krogh, Ussing, and Ja- 
cobs holds that osmosis is a mass flow of 
the solvent through the “pores” of the 
barrier (membrane) arising by some ob- 
scure mechanism—usually not discussed 
—when a mole fraction difference of 
the solvent obtains by virtue of the pres- 
ence of a macromolecule impermeable 
to the barrier. Another point of view 
has argued exclusively for the diffusion 
of the solvent—that is, a molecular-mo- 
lecular random drift. This view has been 
most eloquently expressed in recent years 
by Chinard (/). 

Although several workers (2) in re- 
cent years have demonstrated that os- 
motic transfer must be viewed as a mass 
flow, this work has been carried out on 
biological material and for this reason 
might appear to be ambiguous or in- 
conclusive since more “complex” phe- 
nomena might be involved. The data 
presented in this report (3) have been 
obtained on a simple system to help 
focus attention on the fundamental 
process of osmotic transfer. It will be 
seen in the following discussion that 
two irreversible processes can take place, 
and usually do, to a varying degree. A 
simple binary system—namely, a sol- 
vent (water) and an uncharged macro- 
molecule—is considered in conjunction 
with a typically inert barrier as used in 
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Reports 


osmometry of the Fuoss-Mead type (per- 
forated stainless-steel disk covered with 
collodion) to which the macromolecule 
is absolutely impermeable. 

The first task is to establish the nature 
of the solvent flux when a hydrostatic 
pressure difference is applied across the 
barrier. Direct observation on this bar- 
rier indicates a linear relationship be- 
tween hydrostatic pressure and transfer 
of solvent, namely, 0.88 x 10-1° mole/ 
sec, per dy/cm?. 

The diffusion component of flux can 
be evaluated by applying the general 
relationship (4) 

dn __ DA — Au (1) 
dt RT AX 
where A is the effective area and D the 
self-diffusion coefficient of the solvent 
and pw is the chemical potential. This 
equation can be rewritten 





dn __ DA AP (9) 
dt RT AX 
since 
Au= VAP 
and 
CV=1 


The factor DA/AX can be evaluated, 
after observing the diffusion of H,O1® 
across the same barrier, from the rela- 


tion 
dn AC 1,08 
— =e) 4 2 3 
CS ini ic AX (3) 


Integration of this, with the assump- 
tion of a linear gradient, yields the 
equation 


DA _ 28V |, _@+0"-26" 

ax, (2ht Coe GC” 207 eae 
(4) 
in which C’ and C” (C’ > C”) are the 
initial concentrations of H,O18. A cell 
was constructed with equal volumes 
(V =6.5 cm*), and means for stirring 
were provided. Samples were taken at 
intervals of time At (15 min), with the 
first sample taken at time ¢ several min- 
utes after the cell had been filled. Anal- 
yses were made with a mass spectrom- 
eter. Typical data obtained for the ini- 
tial concentrations C’=1.3 percent and 
C” =0.2 percent are C’”’,=0.28 percent. 





CO" 415 = 0.54 percent, and C’’;,5) = 0.65 
percent. With these data, Eq. 4 gives 
DA/AX as 3x 10-8. Thus, by means of 
Eq. 2, the magnitude of flux per unit 
pressure difference is 0.12 x 10-1? mole/ 
sec, per dy/cm?. Comparison of this 
with the magnitude found experimen- 
tally shows that the diffusion component 
is about 1/730 of the total flux. 

One is forced to conclude, therefore, 
that any pressure difference applied 
gives rise to a transfer of water which is 
predominantly nondiffusional in nature. 
It will be convenient to refer to this 
component as quasi-laminar since the 
flow lines in the barrier would be dif- 
ficult to establish. 

The osmometer experiment is now to 
be considered. It is an experimental 
fact that the transfer of water through 
the barrier when a hydrostatic pressure 
difference is applied can be duplicated 
in the absence of a pressure difference 
by contaminating one volume of the 
solvent with a macromolecule—for ex- 
ample, dextran—to which the barrier 
is absolutely impermeable. The quan- 
tity, which is exactly equivalent to a 
given value of AP, is (RT/V) in Nu,o 
which reduces to RTc for small values 
of the concentration c of the macro- 
molecule. 

The fascinating nature of the mole 
fraction effect can be seen in that, while 
“intuitively” one might assume that this 
component of the chemical potential 
would give rise to a diffusion flux as 
prescribed by Eq. 1, the experimental 
fact observed is that the flux developed 
is predominantly nondiffusional but, as 
termed in a_ preceding paragraph, 
“quasi-laminar.” This conclusion is in- 
escapable since, in the osmometer ex- 
periment, we observed the equivalence 
of the mole fraction and the hydro- 
static pressure variables and in the first 
experiment we established the nondif- 
fusional nature of the flux due to hydro- 
static pressure. Therefore, the mole 
fraction effect must also develop a non- 
diffusional flux. Thus, expressing this 
symmetrical relationship, we have 


ot = K f(A) [AP - a 

dt 

where positive value of flux is defined 
from solution to solvent and AP is the 
excess hydrostatic pressure on solution 
over that of solvent, and x is the mole 
fraction term.’ The proportionality con- 
stant is some kind of “hydraulic con- 
ductivity” depending upon the nature 
of the flow process. 

It should be emphasized that there is 
no kinetic theory in existence to explain 
the basis of the nondiffusional flux aris- 
ing from the mole fraction effect. Un- 
fortunately, the theory of liquids is in- 
adequate at the present time for carry- 
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ing out more than speculative analysis, 
but certainly, as suggested by Lars On- 
sager, there must be a momentum de- 
ficiency in the microdomain of the pore 
in the solution side of the barrier. That 
is, in a solid region of the barrier, the 
time average transfer of momentum is 
that prescribed by the hydrostatic pres- 
sure of the phase, but in the opening 
of the pore there is a deficiency since 
the momentum arising from the macro- 
molecule is not transferred to the sol- 
vent species in the pore, being cut off by 
the finite size of the pore. Thus, within 
the pore and only within the pore, a 
gradient of pressure arises and quasi- 
laminar flow ensues from the solvent 
side to the solution. 

Although the experimental observa- 
tions in the osmometer experiment do 
not demonstrate the diffusion compo- 
nent of flux explicitly, it is reasonable to 
assume that this component is present: 


*) -~DA _ Av, 
dt/Jaitt. RT AX 
DA C = 
NO 
- RT Ay AP + al Nu,o)] 
-DA 1 _wp_ 
=RT A [AP — x] 
Thus, the total flux is 


dn _ DA 
> = [arax + KA) | tap - a 


The diffusion component would be 
all-important in a barrier whose “pores” 
have a cross-sectional area of the order 
of the solvent molecules such that only 
a molecular-molecular drift of the sol- 
vent could occur. 

In conclusion, the point to be em- 
phasized for workers in the field of 
membrane permeability is the fact that 
in osmotic transfer the chemical po- 
tential difference of the solvent can give 
rise to both a quasi-laminar flux and 
to a diffusion flux, the relative impor- 
tance of the two components being de- 
pendent on the nature of the barrier. 
For most barriers, the predominant 
component is the quasi-laminar flux. 

ALEXANDER Mauro 
Department of Physiology, 
Yale University School of Medicine, 
New Haven, Connecticut 
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Aggressive Behavior in 
Castrated Starlings 


Androgens have long been known to 
affect the aggressive behavior of birds 
and mammals. Experiments conducted 
during the last two decades have shown 
that animals of various species ceased 
aggressive behavior when they were cas- 
trated, or rose in social rank when they 
were given injections of testosterone. 
This paper (1) reports the maintenance 
of aggressive behavior in castrated star- 
lings and the failure of testosterone to 
affect their social rank. 

The methods consisted of observing 
castrated starlings (Sturnus vulgaris) 
that were living in a large room (14 by 
16 feet). Eleven birds were bilaterally 
castrated on 20 Dec. 1956, when the 
testes were still in the regressed winter 
condition but were starting to increase. 
The birds were painted on the tail with 
bright colors for individual identifica- 
tion. These birds maintained fighting 
and singing behavior for a month. A con- 
ventional diagram describing the social 
rank was prepared. In most cases the 
relative position was clear, but in some 
cases the birds may have been tied for 
position, and in other cases no contests 
were observed. 

On 15 Jan. a series of injections of 
graded doses of testosterone was begun, 
to determine the effect of testosterone on 
the seminal vesicle (2). The dosage was 
not known to the observer. The rank of 
the individuals did not change during a 
period of 10 days. The birds that were 
injected with control material remained 
in their rank. The birds that received the 
highest amounts of testosterone were 
sixth and ninth in rank even at the end 
of the 10-day period. It was suspected 
that three of the birds might have some 
testicular tissue because their bills re- 
mained yellow. These birds ranked first, 
third, and eighth and, on autopsy, were 
found to have some tissue. 

Because these results were the glean- 
ings from another experiment, a program 
was specifically planned. Five birds were 
castrated 2 Feb. and were observed until 
11 Mar. A rank was obvious, and song 
continued vigorously. Injections of testos- 
terone (begun 11 Mar.) at various dos- 
ages had no effect on rank. On autopsy, 
on 21 Mar., one bird (second in rank) 
had 25 mg of testicular issue, but the 
top-ranking bird had none. 

These results demonstrate that cas- 
trated male starlings maintain a rank, as 
do normal birds. Since the aggressiveness 
of these adults might be the result of 
learning, experiments with young birds 
are planned. However, the aggressiveness 
might result from androgen from an- 
other source. But the threshold of re- 
sponse would have to be below the level 
that controls bill color and growth of 


seminal vesicles because castrated birds 
have black bills and minute seminal ves- 
icles. Furthermore, the fact that injec- 
tions of large amounts of testosterone did 
not alter rank indicates that androgens 
are not involved. The aggressiveness 
might be responsive to another hormone, 
such as a hypophyseal hormone, since 
Witschi (2) concluded that, in some 
birds, plumage changes are controlled by 
gonadotropins. This possibility is being 
explored. 

Davin E. Davis 
Division of Vertebrate Ecology, 
Johns Hopkins School of Hygiene 
and Public Health, Baltimore Maryland 
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Nature of Fluorophore 
Localizing in 
Tetracycline-Treated Mouse Tumor 


It has been previously observed that 
certain chemical agents such as fluo- 
rescein (J) and hematoporphyrin (2), 
when administered parenterally to tu- 
mor-bearing animals, tend to localize in 
the tumor tissue. This phenomenon finds 
limited clinical applications in the local- 
ization and diagnosis of neoplastic dis- 
eases (3). The fluorophore in the tumor 
tissue was usually assumed to be the un- 
changed compound administered, with- 
out, however, inquiry being made into 
its exact chemical nature. 

Recently, Rall et al. (4) reported 
that, in animals bearing transplantable 
tumors, localized fluorescence was noted 
in the bones and the tumor tissue after 
treatment with any of the tetracyclines. 
The discovery aroused considerable in- 
terest in that a variety of animal tumors 
as well as a few human neoplasms ex- 
hibited this behavior. In addition, the 
localized fluorescence persisted as long 
as the animals survived (5). 

In view of the sustained interest in 
the problem and the obvious chemo- 
therapeutic possibilities implied, an ef- 
fort has been made in our laboratory 
to study the chemistry of the fluorophore 
in the tetracycline-treated mouse tumor. 
In this report, evidence is presented to 
show that the localized fluorescence is 
attributable to unchanged tetracycline 
which, however, probably does not exist 
as such in the tumor tissue, but rather 
as a loose complex bound with a peptide 
which is one of the normal constituents 
of mouse sarcoma tissue. 

CAF, mice weighing 20 to 24 g with 
6-day-old sarcoma S-37 were injected in- 





traperitoneally with tetracycline hydro- 
chloride (6) (3 mg in 0.3 ml of saline). 
Following three such daily treatments, 
the mice were sacrificed on the third day 
after the last injection, and, under ultra- 
violet illumination (7), the fluorescent 
parts of the tumor were excised. The 
tumor tissues collected were homogen- 
ized in water, about 2 ml/g of tissue, 
and the homogenate was dialyzed in 
cellulose casing (8) with shaking against 
dilute hydrochloric acid (0.1N, about 8 
ml for every gram of tissue) for 2 hours 
(9). The dehydration of tetracycline to 
anhydrotetracycline (JQ) is very fast in 
acid stronger than 0.1N; nevertheless, in 
0.1N hydrochloric acid, tetracycline is 
stable for at least 4 hours, When the pH 
of the filtered dialyzate was adjusted to 
above 7 by the addition of sodium hy- 
droxide, the fluorophore inevitably came 
down as a flocculent precipitate which 
fluoresced bright greenish yellow under 
ultraviolet light. Under identical experi- 
mental conditions, from the dialyzate of 
the tumor tissue of control mice that re- 
ceived no tetracycline, there was like- 
wise obtained a flocculent precipitate 
which was, however, nonfluorescent. In 
both cases, the precipitates gave positive 
ninhydrin and biuret tests, thus suggest- 
ing their peptide nature. For the electro- 
phoresis and paper chromatography ex- 
periments described in the following 
paragraphs, a more concentrated solu- 
tion of the fluorophore (and similarly of 
the peptide in untreated mouse tumor) 
could be conveniently prepared by first 
separating the precipitate by centrifuga- 
tion, then washing with a little water, 
following with centrifugation again, and 
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Fig. 1. Spectra in 0.1N HCl of (A) the 
fluorophore, (B) the nonfluorescent pre- 
cipitate from control tumor, and (C) tet- 
racycline (18 ug/ml). The closed circles 
are the calculated optical densities due to 
the prosthetic group of the fluorophore. 
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Fig. 2. Spectrum of anhydrotetracycline 
(6.7 ug/ml in 1N HCl). The closed cir- 
cles denote the calculated optical densities 
due to the altered prosthetic group of the 
tetracycline. 


finally dissolving in a minimum amount 
of 0.1N hydrochloric acid. 

At pH higher than 7, after saturation 
of the alkaline dialyzate with salt, the 
fluorophore could be partially extracted 
into butanol, Examination of the ultra- 
violet absorption spectrum of the butanol 
extract against a similar extract of the 
control tumor tissue as blank revealed 
that, compared with the spectrum of 
tetracycline itself in butanol, the dpax. 
at 367 mu of the parent compound had 
undergone a shift of 15 mu to 382 mu 
(11, 12). Such a bathochromic shift— 
analogous to, for example, that observed 
of chlorophyll in plant cells (73)—could 
be ascribed to the formation of a com- 
plex between tetracycline and the pep- 
tide in tumor tissue. This view receives 
further support from the results of pa- 
per-electrophoresis and paper-chroma- 
tography experiments. In the former ex- 
periments, using the Spinco model R 
electrophoresis cell of the Durrum type, 
at a constant voltage of 250 in pH 8.6 
barbiturate buffer, the migration rate of 
the fluorophore differed quite noticeably 
from that of tetracycline. As for the 
paper-chromatography work, the sodium 
arsenite system, with ascending flow 
(14), was employed. The R, value for 
the fluorophore was observed to be about 
0.10 as against 0.16 for tetracycline. 

However, in weak acid—for example, 
0.1N hydrochloric acid, a comparison of 
the ultraviolet spectrum of the fluoro- 
phore with that of tetracycline and also 
of the nonfluorescent precipitate from 
control mouse tumor displayed no new 
absorption bands, nor did it display any 
shift of the existing bands (Fig. 1). It 
seems safe, therefore, to conclude that 
the complex formed between tetracy- 


cline and the peptide must be a loose 
one; in fact, the complex readily disso- 
ciates in acid. Assuming that the peptide 
of the control and that of the tetracy- 
cline-treated tumor exhibit identical ul- 
traviolet-absorption patterns, it is easy 
to calculate the absorbance owing to the 
prosthetic group of the fluorophore at 
various wavelengths by simply deducting 
the corresponding absorbance owing to 
the peptide from the total absorbance. 
The reasonableness of the assumption at 
once becomes evident; through the out- 
come of the calculations, an absorption 
curve of the prosthetic group can be 
constructed, which is exactly identical 
with the spectrum of tetracycline at 18 
ug/ml in 0.1N hydrochloric acid (Fig. 
bye 
The identification of the prosthetic 
group of the fluorophore with tetracy- 
cline is further strengthened by the ob- 
servation that, as a result of the exposure 
to 1N hydrochloric acid for 1 hour or 
longer, the fluorophore disclosed pro- 
found changes in its ultraviolet absorp- 
tion spectrum. By applying the same 
mathematical technique, we calculated 
the absorbance contributed by the altered 
prosthetic group and plotted it against 
the wavelength (Fig. 2). For all prac- 
tical purposes, the absorption curve rep- 
resents nothing but the spectrum of an- 
hydrotetracycline. This is hardly surpris- 
ing, for it is known that the conversion 
of tetracycline into the anhydro-com- 
pound proceeds with rapidity in acid. 
Thus, without actually isolating the 
prosthetic group, it has been possible to 
demonstrate that the fluorophore in the 
tetracycline-treated mouse tumor is most 
likely a complex formed of the parent 
compound and a peptide. This complex 
dissociates readily into its components in 
acidic media. At present, the mechanism 
for the localization and persistence of 
the tetracyclines in the tumor tissue re- 
mains unclear. Work is currently in prog- 
ress in our laboratory on the metabolism 
of the tetracyclines and also on other 
compounds closely related to the tetra- 
cyclines that might manifest this phe- 
nomenon. The chemistry of the peptide 
associated with tetracycline is being ac- 
tively investigated (75). 
Ti Lt Loo 
E. D. Trrus 
D. P. Raut 
National Cancer Institute, 
National Institutes of Health, 
Bethesda, Maryland 
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Prevention of Toxicity of 
Amethopterin for Sarcoma-180 
Cells in Tissue Culture 


The present paper is a preliminary re- 
port on the finding that sarcoma-180 
(S-180) cells grow normally when the 
function of folic acid is prevented by 
amethopterin (Methotrexate), if the me- 
dium is supplemented with products of 
the biosynthetic reactions dependent on 
folic acid cofactors. It is known that cer- 
tain microorganisms which require folic 
acid for growth—for example, Strepto- 
coccus faecalis 8043—can grow in the 
absence of this vitamin in a medium con- 
taining thymine and adenine or guanine 
(1). That folic acid is one of the nutri- 
tional requirements for the growth of 
mammalian cells in tissue culture was 
shown by Eagle (2). The inhibition of 
the growth of sarcoma-180 cells in such 
a medium by amethopterin has been 
demonstrated (3). 

The techniques of Eagle (2, 4) were 
used. The medium contained 5 percent 
thoroughly dialyzed horse serum. The 
cells were grown in the experimental 
media for 7 days. The growth of the 
cells in the presence of amethopterin in 
a medium containing hypoxanthine, thy- 
midine, and glycine is shown in Table 1. 
Disintegration of the cells occurred if 
hypoxanthine or thymidine was omitted 
from the mixture. In the absence of gly- 
cine, some growth was observed, indi- 
cating either a small amount derived 
from the dialyzed horse serum or some 
formation of glycine, possibly from the 
exogenous L-threonine (5). When gly- 
cine was added to this medium, the 
growth was comparable to that of the 
control. The complete mixture fully sup- 
ported the growth of sarcoma-180 cells 
even in the presence of amethopterin at 
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concentrations 10,000 times that ordinar- 
ily required for complete inhibition 
(Table 1). In body fluids, the concen- 


- trations of such compounds could be criti- 


cal to the effectiveness of amethopterin 
on neoplastic cells in vivo. Similar com- 
pounds in the crude medium (chicken 
plasma clot) might also explain the fail- 
ure of amethopterin to inhibit sarcoma- 
180 cells, as reported by Biesele (6). 

When the function of folic acid was 
prevented by amethopterin, it was found 
that sarcoma-180 cells were able to util- 
ize adenine, adenosine, deoxyadenosine, 
hypoxanthine, and inosine equally well; 
guanosine supported slower growth of 
sarcoma-180 cells under these conditions; 
that is, there was only a threefold in- 
crease in 7 days, whereas xanthine and 
xanthosine were inactive. These results 
indicate that some “adenine” was de- 
rived from guanosine, but the extent to 
which “guanine” or “adenine,” or both, 
were derived from xanthine and xantho- 
sine was insignificant. 

In the presence of amethopterin, thy- 
midine, and glycine, the cells disinte- 
grate if purines are not supplied in the 
medium (Table 1). Under such condi- 
tions it is unlikely that purine synthesis 
de novo occurs. Thus, the single purine 
in the medium must serve as the sole 
source, not only of adenine and guanine 
of nucleic acids, but also of all the co- 
enzymes containing purines as structural 
constituents. Accordingly, this technique 
appears to be useful for the study of the 
pathways of purine metabolism. The 
present work demonstrates for the first 
time that mammalian cells (sarcoma- 
180) are fully capable of using exogen- 
ous purines for growth and multiplica- 
tion. 

Further work demonstrated that thy- 
midine could be replaced by thymidylic 
acid for the growth of sarcoma-180 cells 
in the presence of amethopterin, glycine, 
and a purine, but thymine and thymine- 
riboside had no activity in this respect. A 
mixture of thymine and deoxyadenosine 
did not replace a mixture of thymidine 
and adenine, indicating that this type of 
transdeoxyribosidation did not occur. 

It is seen that the presence of amethop- 
terin creates new requirements for the 
growth of the tumor cells in vitro. When 
these requirements are met by preformed 
purines, thymidine, and glycine, inhibi- 
tion of growth might still be achieved if 
the utilization of even one of these com- 
pounds were prevented. Logical com- 
binations for chemotherapy are thus sug- 
gested. The new requirements created 
by amethopterin probably differ in dif- 
ferent species and tissues. It is already 
known that differences exist in the abili- 
ties of various tissues and species to 
utilize preformed purines in vivo (7). 
In addition, rabbit fibroblasts, unlike 
sarcoma-180 cells, require exogenous 


Table 1. Growth of sarcoma-180 cells in 
tissue culture in the presence of amethop- 
terin. Folic acid (pteroylglutamic acid) 
was present at a concentration of 
2x 107M. 


Varied supplements in the medium _ Degree 
= ie. of cel- 
Ameth- Hypeum> Tied Gly- lular 
op- “ : ji multi- 
terin* y thine ‘ dine — plica- 
(M) 3x10°M 3x10°M 1x 104M tout 
0 5.7 
3 x 10-8 0.70 
3 x 107 0.34 
3 x 107 5.7§ 
3 x 10+ 6.1 
3 x 107 0.60 
3 x 107 t 0.43 
3x 107 : : 1.8 


* 4-Amino-10-methyl-pteroylglutamic acid. 

+ Referred to inoculum as 1; determined by the 
method of Oyama and Eagle (J/); correlation of 
the protein determinations with cell counts is dis- 
cussed by Oyama and Eagle (//). 

¢ Control. 

§ The culture has been carried for 3 weeks under 
these conditions and is being maintained. 


L-serine for growth in tissue culture (8). 
Thymine or thymidine increased the 
rate of the development of amethopterin 
resistance in Streptococcus faecalis 8043 
(9). The effect of similar factors on the 
development of amethopterin resistance 
in mammalian cells is under study (/0). 
Maire T. HaKara 
Department of Experimental 
Therapeutics, Roswell Park Memorial 
Institute, Buffalo, New York 
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Gastric Secretagogue Effect of 
Lysine Monohydrochloride 


There have been recent references in 
medical literature to the use of lysine 
monohydrochloride as a nutritional sup- 
plement (/). Certain clinical responses, 
such as increase of appetite, weight gain, 
and rapid restoration of hemoglobin val- 
ues, have been reported. Such effects 
might be produced by either or both of 
these mechanisms: (i) correction of pre- 
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existing lysine deficiency and (ii) phar- 
macodynamic properties of lysine. In an 
attempt to evaluate what influence the 
ingestion of lysine has on human physi- 
ology, we have undertaken a number of 
studies. The one reported here concerns 
the influence on gastric secretion. 

Twenty-one adult volunteers were 
given two test meals each, the first con- 
sisting of bread and water and the second 
of an equal amount of bread and water 
with 5 g of lysine monohydrochloride 
added. The two meals were separated 
by an interval of 1 week. Fractional gas- 
tric analysis followed each test meal, and 
the amounts of free hydrochloric acid 
and pepsin were determined in samples 
taken every 15 minutes for 1 hour. The 
methods used for these analyses are those 
described by Hawk, Oser, and Summer- 
son (2). 

The significance of all figures ob- 
tained by analysis was determined by t 
and P values obtained from the formula 


t= M:- Mz 
~ V (S.Ea)?+ (S.E.2)? 


Values of P are charted from Fischer’s 
table. Values are considered significant 
when the P value is less than .01. 

Eighteen of the 21 subjects showed 
significant differences of gastric secre- 
tions after the two test meals. Whenever 
the addition of lysine was accompanied 
by an alteration, the change was an in- 
crease. The mean values of all data are 
given in Table 1. The incidence of effects 
on pepsin and hydrochloric acid secre- 
tion together or separately is as follows: 
increased pepsin and increased HCl, 12 
subjects; increased pepsin but no in- 
crease of HCl, three subjects; no increase 
of pepsin but increased HCl, three sub- 
jects; no increase of pepsin or HCl, 
three subjects. 

The addition of 5 g of lysine mono- 
hydrochloride to a bread and water test 
meal significantly increased gastric secre- 








Table 1. Effect of addition of lysine mono- 
hydrochloride to diet. 
Mean values 
(units) 
Time No With 
(min) lysine lysine 


Difference 


Mean _ S.E.* 





Hydrochloric acid 
15 | 4 pte 1 amas US 
30 13.4 24.2 10.8 5.95 
60 13.7 33.7 20 2.07 


Pepsin 
15 -48 5 53 2.31 
30 1 102 101 5.35 
60 30 169 139 8.51 


* The standard error was determined from the 


formula {Sr ee 
N N 
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tion of hydrochloric acid and pepsin, or 
both, in 18 of 21 subjects studied. Fur- 
ther work is being done to explain and 
localize this action. It may be of some 
significance that previous work has de- 
veloped evidence that amino acids, either 
by action in the intestinal tract (3) or 
when given intravenously by systemic 
action (4), promote gastric secretion. 
The present study may indicate that part 
of the effect of lysine given as a nutri- 
tional supplement results from the stimu- 
lation of gastric secretion. This, of 
course, does not preclude or compete 
with any importance which lysine may 
have as a participant in anabolic proc- 
esses (5). 
ARTHUR M. SACKLER 
LAWRENCE H. SopHIAN 
van Ophuijsen Institute, New York, 
New York 
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Delayed Pain as a 
Peripheral Sensory Pathway 


The existence of “second pain” as a 
“genuine sensory phenomenon” was re- 
cently questioned (1). There was also the 
more interesting implication that a de- 
layed type of “C-fiber pain” does not 
exist at all as a separate pain sensation. 
“Double pain” can be aroused by an ap- 
propriate noxious stimulus if it is applied 
to the skin far enough from the central 
nervous system (2, 3). The “second” or 
slower pain is felt at a distinct time in- 
terval after the first or fast component, 
and it is usually qualitatively different 
from the first, being more a diffuse ache 
than a sharp prick, more unpleasant, 
longer lasting, and like the pain that is 
aroused from deeper structures below the 
skin (4). Landau and Bishop (4) point 
out that this delayed type of pain has a 
greater threshold for most types of 
stimuli than does sharp pricking pain, 
although its threshold is lower for certain 
stimuli. They also present evidence (evi- 
dently missed by Jones) that the delayed 
pain sensation can be masked by the 
faster sharp pain; this makes it difficult 
to detect double pains under certain con- 
ditions of stimulation. 

I suggest, therefore, that what the ex- 


perimental work reported by Jones (/) 
amounts to is a careful description of 
some conditions of stimulation in which 
second pain is not demonstrable. For 
example, threshold electric stimuli will 
never elicit second pain, even in “480 
separate determinations,” if those recep- 
tors and nerve fibers subserving fast pain 
are electrically more excitable than those 
subserving slow pain sensations. The 
more slowly conducting, amyelinated C 
fibers, as well as their receptor endings 
(4), have a higher electric threshold than 
any other nerve-fiber group. 

Jones concluded that second pain, 
when it does appear, is an experimental 
“artifact” rather than a “genuine sen- 
sory phenomenon.” These distinctions 
have little meaning without careful defi- 
nition for this context. Jones’ main con- 
tention would appear to be that if a nox- 
ious stimulus were delivered at the same 
instant to any of the receptors that sub- 
serve pain, only a fast single, and not a 
double, pain could be produced—that is, 
that there is only one type of pain-sensory 
system; but her negative results do not 
prove this. If it is difficult [although not 
impossible (4)] to find a stimulus which 
excites the receptors that subserve slow 
pain without also exciting other types of 
receptors, this difficulty cannot be used 
as proof that slow pain is not a “genuine” 
and distinct sensory modality. More defi- 
nitive evidence on this point must be 
sought from other experimental proce- 
dures. It is important, therefore, to 
analyze some of the criticisms (7, 5) of 
these other, more positive lines of evi- 
dence. 

Although the total reaction time for 
perception of pain is obviously not a 
measure of conduction time, the increase 
in reaction time found when the stimulus 
is moved to a more distal point (2) can 
be a measure of conduction velocity in 
the sensory fibers. Jones dismisses such 
evidence by citing a more recent report 
(6) to show that the increase in reaction 
time with a more distal stimulus is small 
and relatively insignificant. But this 
negative finding concerned touch sensa- 
tions, not pain (7). If the impulses that 
are responsible for touch sensation are 
transmitted in group A fibers of even the 
small variety, for example, at 10 m/sec, 
then the increase in reaction time that 
could be expected when the stimulus is 
moved 50 cm distally would be only 0.05 
second, and difficult to detect. On the 
other hand, if delayed pain is mediated 
by C fibers, at 1 ‘m/sec, the difference in 
reaction time would be 0.5 second. This 
interval, which is easily detectable, was 
found to be the actual difference in re- 
action time to slow pain for the condi- 
tions stated (2). 

Although all cutaneous senses show an 
increasing delay in perception during 


SCIENCE, VOL. 126 


























compression ischemia (1, 8), the delay 
in perception of pain tends to increase 
rather suddenly and at a time when 


touch sensibility is lost (9). Zotterman ° 


explained this plausibly as follows: fast 
pain impulses are transmitted along with 
touch impulses in the A-fiber group, and 
since the A group ceases functioning be- 
fore the C group during ischemia, one is 
left rather suddenly with only slowly con- 
ducted, C-fiber, “‘second-pain irnpulses.”” 
There is general agreement (3, 4, 8-10) 
that after the loss of other sensations has 
occurred during compression block, a 
slow, very unpleasant, aching pain sen- 
sation can still be aroused or even be- 
comes more evident or “unmasked.” 

This, and the reverse finding with par- 
tial procaine block (that is, abolition of 
the slow, aching pain with retention of 
the sharp, pricking pain), also means 
that the functional pathways for the two 
types of pain are separable. The sugges- 
tion (see JJ) that various pains are 
simply the result of sufficiently intense 
activity in any sensory pathway cannot 
have general validity, since impulses at 
high frequencies in large numbers of the 
larger myelinated fibers in a nerve trunk 
lead only to a tingling sensation without 
pain (12). The common factor with in- 
tense tissue stimulation of any kind is 
tissue damage, and apparently this is the 
stimulus to which the receptor endings 
of the “pain fiber” systems are especially 
sensitive (see also 4). 

The work of the Oxford group (5, 8) 
is cited by Jones to show that the earlier 
evidence (3) for the separability of fast 
and slow pain, based on the order of loss 
of sensation during nerve blocks, now 
appears to have been unreliable. But a 
careful examination of these papers re- 
veals that this conclusion may not be 
warranted, although admittedly their 
general summary statements apparently 
agree with Jones’ evaluation. Sinclair 
and Hinshaw (8) state that they did in 
fact find statistically significant differ- 
ences in the order of sensory loss between 
procaine block and compression block 
of a given nerve. They also point out 
some of the factors which could have 
accounted for the variability of results 
in their human sensory experiments, 
when compared with the consistent or- 
ders of fiber sizes blocked in animal ex- 
periments. Other factors that may ac- 
count for this variability have been 
suggested (4), to which one may also 
add that of variation in available tissue 
buffers which neutralize procaine hydro- 
chloride to the more penetrative free 
alkaloid. Consistent, clear-cut orders of 
sensory losses can be obtained by using 
more dilute procaine solutions on smaller 
peripheral nerves (4) and in spinal anes- 
thesia (13), where the sheaths of the 
spinal rootlets are also uniformly thin. 
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The apparent failure of histological 
specificities in receptor end-organs to 
account for the different sensory modali- 
ties found in a given area of skin (1/4) 
simply shows that the common textbook 
conception of the correlation between 
four types of receptor end-organs and 
four cutaneous sensory modalities is too 
rigid. Surely, physiological specificities 
for responses to different stimuli may 
still exist, even among apparently uni- 
form receptor nerve endings, based on 
structural and chemical specificities 
that are not evident with present histo- 
logical techniques. 

Thus, the simplest and best supported 
hypothesis available, among those hy- 
potheses that have been proposed for 
relating the pain modalities to the sen- 
sory nerve fibers (and one still held 
fairly widely among physiologists) main- 
tains (i) that pain in general is mediated 
predominantly by small myelinated 
(delta) and amyelinated (C) sensory 
fiber groups and (ii) that, in the skin 
tissues, fast, sharp pain is mediated pre- 
dominantly by the first fiber group, while 
the slow, more unpleasant pain is medi- 
ated predominantly by the second. Sen- 
sations other than pain are, of course, 
not necessarily excluded from being rep- 
resented in these fiber groups (3, 8), nor 
is the possibility excluded that the total 
pattern of impulses arriving in different 
peripheral pathways may affect the na- 
ture of the subjective sensation that re- 
sults. In deeper tissues (periosteum, 
muscle sheaths, and so forth) the more 
unpleasant pain, without sharpness, is 
apparently mediated by both groups of 
small fibers, although even here the C 
fibers probably are responsible for the 
slower, more penetrating, longer-lasting 
component (4). 

BENJAMIN LipEt* 
Department of Physiology, 
University of California Medical School, 
San Francisco 
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In my original paper (/), the conclu- 
sions presented were based on the evi- 
dence. Detailed consideration of each bit 
was impossible because of limitation of 
space. The foregoing discussion by Libet 
adds nothing new. It is a restatement of 
a selected portion of older literature, 
most of it useless because of failure to 
control stimulation and because of igno- 
rance of proper conditions of judgment 
and psychophysical methods (2). 

The loose accusation that I missed the 
point that “fast pain” may mask “slow 
pain” (3) is unjust, for it is specifically 
referred to in paragraph eight (1). It is 
a mere assumption, without a shred of 
evidence to support it, invented to bolster 
a popular hypothesis. Even the authors 
could not get most of their “unpreju- 
diced” subjects to feel “second pain.” 

Space permits comment on only two 
specific points. The statement that “slow 
pain” has a higher threshold than “fast 
pain” is, again, an assumption. It is a 
conclusion drawn from the fact that ab- 
normally functioning tissue (4) has a 
higher threshold than normal tissue, and 
so do C fibers. The connection between 
the two is at present without evidence. 
In my experiment, suprathreshold me- 
chanical stimuli were used without arous- 
ing “slow pain.” Suprathreshold electric 
stimuli create serious problems. 

Second, Libet’s emphasis on reaction 
time is unfortunate. None of the studies 
meet the minimum requirements for 
work in this field (5). The negative find- 
ing with respect to touch (6), the result 
of much more careful study than the 
earlier studies on pain, was cited to in- 
still caution in dealing with pain, where 
the time of action of the stimulus is in- 
determinate. A difference of 50 millisec- 
onds is, incidentally, readily demonstra- 
ble with proper techniques. 

Dependence on results of ischemia or 
blocking, or both, is unwise (4). Also, 
plots of decrease in impulse amplitude 
and increase in latency against duration 
of ischemia show smooth curves (7). 
Likewise, no correlation was found be- 
tween conduction time and_ blocking 
time [for various touch fibers, and pre- 
sumably also for others (8)]. 

Marcaret Hupsarp JONES 
Department of Psychology, 
University of California, Los Angeles 
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An in vitro Effect of 
Vitamin D on Citrate Oxidation 
by Kidney Mitochondria 


The possibility that an in vitro effect 
of vitamin D may be demonstrable ap- 
pears evident from the effects on citrate 
metabolism which have been reviewed 
in recent publications (J, 2). In these it 
was reported that additions of vitamin 
D to rachitogenic and nonrachitogenic 
diets reduced the oxidation of citrate by 
kidney homogenates and mitochondria, 
thereby accounting for an increase in 
the citrate content of certain tissues and 
an increase in the citrate excretion in 
urine. Lately, we have succeeded in 
demonstrating a reduction in citrate 
oxidation by kidney mitochondria when 
vitamin D was added in vitro. 

Young, male rats of the Sprague-Daw- 
ley strain were made vitamin-D deficient 
by the feeding of either a rachitogenic 
or a nonrachitogenic diet as described 
earlier (1). They were killed by decapi- 


Table 1. The in vitro effect of vitamin D 
on the oxidation of various substrates by 
kidney mitochondria. 


With- 


out With De- 
Substrate bese! uae : 
(ul Oz) ; 
(ul Oz) 

Citrate 85 32 62 
Isocitrate 81 28 65 
a-Ketoglu- 

tarate 75 80 0 
Glutamate 69 55 20 
Succinate 115 117 0 
6§-Hydroxy- 

butyrate 35 31 11 
Pyruvate plus 

oxalacetate 88 90 0 


*One hundred and twenty-five micrograms of 
vitamin D, in 0.05 ml of propylene glycol per 
flask; other flasks received 0.05 ml of propylene 
glycol alone; 0.7 mg of mitochondrial nitrogen was 
added to each flask, 
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tation, and kidney mitochondria were 
prepared, essentially by the method of 
Schneider (3). 

The oxidations were carried out in a 
Warburg apparatus at 30°C with air as 
the gas phase. The incubation mixture, 3 
ml in volume, contained 40 umole of 
phosphate buffer (pH 7.3), 20 umole of 
MgCl,, 6 umole of adenosine triphos- 
phate, 0.08 umole of cytochrome c, iso- 
tonic sucrose, and the indicated addi- 
tions. Forty micromoles of glucose and 
excess hexokinase (Sigma) were added 
from the side arm of the flasks to pre- 
vent limitation of oxidation by a lack of 
phosphate acceptor (4). All substrates 
were added in amounts of 15 umole, ex- 
cept citrate and succinate, which were 
added at 45 umole, and ‘oxalacetate, 
which was added at 10 umole with an 
addition of 15 umole of pyruvate. 

When desired, the flask contents, prior 
to and following incubation, were depro- 
teinized with 10-percent trichloroacetic 
acid. The filtrates, for the calculation of 
P/O ratios, were analyzed for P by the 
method of Lowry and Lopez (5). Citrate 
was determined by the method of Speck, 
Moulder, and Evans (6), and keto acids 
by the method of Friedmann and Haugen 
(7). Vitamin D and other compounds 
tested for their effect were added in pro- 
pylene glycol or occasionally in the 
ethanol-serum albumin-phosphate buf- 
fer suspension of Nason and Lehman 
(8). In all cases, only 0.05 ml of each 
of these preparations was added to the 
contents of a flask. Control flasks re- 
ceived an equivalent amount of appro- 
priate carrier. 

The comparative effect of vitamin D 
on the oxidation of various substrates 
(Table 1) clearly shows that vitamin D 
had a pronounced effect on citrate and 
isocitrate oxidation. Its effect on gluta- 
mate oxidation was small, but significant, 
while on the oxidation of a-ketoglutarate, 
succinate, B-hydroxybutyrate, and on py- 
ruvate in the presence of oxalacetate, it 
had little or no effect. It is interesting to 
note that only the triphosphopyridine 
nucleotide systems are affected if one 
considers glutamate oxidized by both tri- 
and diphosphopyridine nucleotide path- 
ways. ‘ 

Table 2 illustrates the action of vita- 
min D in reducing citrate oxidation and 
a-ketoglutarate production while not af- 
fecting coupled phosphorylation — effi- 
ciency to any degree. 

In experiments not shown here, vita- 
mins D, and D,, when added in vitro in 
either of the carrier systems used, were 
equally active in reducing citrate oxida- 
tion, while equal quantities of 7-dehydro- 
cholesterol, ergosterol, A7-cholestenol, 
and cholesterol were inactive. However, 
it should be noted that in view of the 
different solubility characteristics of the 
sterols as compared with vitamin D, the 


Table 2. The in vitro effect of vitamin D 
on the accumulation of a-ketoglutarate 
during citrate oxidation. The values rep- 
resent an average of at least six determi- 
nations. 


y a-Keto- 
a = elute- 
oxi- con- irs P/O 
é accumu- 
dized sumed 
(wey (al O,) lated 
Or hieres ae 


Without 

vitaminD 630 83 14.4 3.0 
With vita- 

min D.* 180 46 8.5 2.7 





* One hundred and twenty-five micrograms ol 
vitamin D, in 0.05 ml of propylene glycol per 
flask; other flasks received only 0.05 ml of glycol; 
0.7 mg of mitochondrial nitrogen was added per 
flask, and the oxidation was continued for 10 
minutes. 


possibility that they did not enter the 
mitochondria cannot be ruled out. 

The possibility that the resulting ac- 
cumulation of citrate in kidney, and pos- 
sibly in other tissues, may be an impor- 
tant factor in calcium transport and 
deposition appears increasingly alluring. 
Studies on these phases are in progress, 
especially with relation to specific en- 
zyme systems. 

Hector F. De Luca 
Harry STEENBOCK 
Department of Biochemistry, 
College of Agriculture, 
University of Wisconsin, Madison 
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Insect Nutrition and 
Metabolism of Sterols 


The importance of cholesterol and re- 
lated steroids in insect nutrition was first 
demonstrated in 1935 (1), and it is now 
well established ‘that insects in general 
require a dietary sterol (2). The insects’ 
nutritional requirement for sterols is in- 
dicative of an inability to synthesize the 
steroid nucleus, at least in physiologi- 
cally adequate amounts. This character- 
istic is in direct contrast to that of the 
higher animals, in which steroids are 
apparently synthesized from simple com- 
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pounds such as acetate (3). The specific- 
ity of the insect requirement for sterols 
has been subjected to detailed investi- 


gation by a number of workers, and. 


some of the important configurational 
requirements have been elucidated (3). 

The metabolism of sterols by insects 
has been investigated much less inten- 
sively than have the nutritional aspects. 
Noland (4) postulated that certain nu- 
tritionally inadequate sterols could not 
be utilized by the insect because they in- 
hibited the esterification necessary for 
assimilation from the intestinal tract. 
This hypothesis was not well supported 
by the results of a study of the struc- 
tural specificity of sterol esterification in 
vitro by cockroach gut homogenates (5). 
Using larvae of Callosobruchus chinensis 
L. (cow pea weevil), Ishii (6) found that 
both tetrahydrostigmasterol and epicho- 
lestanol were nutritionally adequate for 
larval growth. Analyses of the sterols 
contained in the tissues of larvae that 
were fed on diets containing either of 
these unnatural compounds as the only 
dietary sterol indicated that the sterol 
nuclei had not been metabolically al- 
tered. Ishii concluded that the larvae 
were able to utilize tetrahydrostigma- 
sterol without in vivo dehydrogenation 
at C,; and C, and that they could utilize 
epicholestanol without isomerization of 
the hydroxy at Cy. 

That an animal could be so loosely 
organized that a variety of sterols could 
be utilized at a cellular level without 
first being subjected to metabolic con- 
version into steroid compounds typical 
of the tissues seemed highly unlikely to 
us. A study was, therefore, undertaken 
of the effect of dietary sterols on tissue 
sterols in larvae of the confused flour 
beetle, Tribolium confusum Duval (7). 
In these experiments, the beetle larvae 
were reared from egg to larval maturity 
on synthetic diets to which known 
amounts of pure sterols had been added. 
The sterols used were cholesterol, 7- 
dehydrocholesterol, dihydrocholesterol, 
sitosterol, and ergosterol. The basal syn- 
thetic diet was composed of sterol-free 
fibrin, vitamin test casein, soluble starch, 
inorganic salts, and a mixture of ten B 
vitamins. 

Before analysis, the larvae were held 
for 24 hours on a sterol-free diet to min- 
imize interference from sterols contained 
in the gut contents. The larvae were then 
homogenized and extracted with a 1/1 
mixture of acetone and absolute alcohol. 
Sterols were precipitated with digitonin. 
A modified Schoenheimer-Sperry _ re- 
agent was used for color development, 
and absorbance after 1.5 and 33 minutes 
was measured at 620 mu with a Beck- 
man DU spectrophotometer. This pro- 
cedure allows an estimation of those 
sterols which develop maximum color at 
1.5 minutes (A5, 7) and of those that 
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develop color maximum at about 33 
minutes (A5) (8). 

In the present study, 7-hydrocholes- 
terol and cholesterol were used as stand- 
ards for the “fast” and “slow” sterols, 
respectively. This analytic method does 
not permit estimation of sterols which 
either do not precipitate with digitonin 
or do not develop color with the Schoen- 
heimer-Sperry reagent. In order to char- 
acterize further the “fast” and “slow” 
sterols found in the tissue extracts, and 
in order to detect sterols not detectable 
by the chemical method, a paper chro- 
matographic method was employed. The 
method of McMahon e¢ al. (9) was 
modified for this purpose. Whatman No. 
1 filter paper was used, with antimony 
pentachloride in chloroform as the chro- 
mogenic agent. The method was stand- 
ardized, employing 7-dehydrocholesterol, 
cholesterol, sitosterol, and dihydrocho- 
lesterol. With an ascending solvent mix- 
ture of 13 parts phenol, 30 parts metha- 
nol, and 57 parts water applied in one 
direction and a 14/45/41 mixture in 
the second direction, a two-dimensional 
chromatogram was obtained in which 
the several sterols were clearly sepa- 
rated. 

Larvae grown on a natural diet 
(graham flour) and larvae grown on 
synthetic diets (each containing one of 
the pure sterols) were analyzed by both 
chemical and chromatographic methods. 
All experiments were replicated three 
times, and all analyses were run in dupli- 
cate. In every case, the principal tissue 
sterol present was a “fast” sterol which, 
by both its rate of color development 
with the Schoenheimer-Sperry reagent 
and its position on the paper chromato- 
gram, was indistinguishable from 7-de- 
hydrocholesterol. Regardless of the iden- 
tity of the dietary sterol, this tissue sterol 
was present at concentrations between 
850 and 900 ug/g of tissue. In all larval 
samples, a second sterol was also found, 
in amounts from 410 to 450 ug/g, and 
was chemically and chromatographically 
indistinguishable from cholesterol. No 
other tissue sterols were detected in 
amounts that permitted reasonably good 
identification. Chemical and chromato- 
graphic analyses of larvae from the dif- 
ferent diets showed no differences at- 
tributable to the identity of the sterols 
in the diets. 

Experiments were also set up in which 
beetle larvae were started on synthetic 
diets containing either no sterol or one 
of the nutritionally inadequate sterols, 
such as calciferol, progesterone, and 
testosterone. On these diets, however, no 
larval growth occurred, and none of the 
insects could be recovered and analyzed. 
Dihydrocholesterol diets did not promote 
optimum larval growth, although suff- 
cient numbers of larvae were obtained 
to run the required analyses. 


The results obtained in this study 
clearly indicate that Tribolium confu- 
sum larvae can metabolize dietary sterols 
to the extent of altering the side chain 
and the degree of saturation in the B 
ring of the nucleus. The nutritional ade- 
quacy of different steroid compounds is 
probably determined largely by the abil- 
ity of the insect tissues to convert them 
into cholesterol and 7-dehydrocholeste- 
rol or compounds so closely related to 
these that they could not be distinguished 
from them by the methods employed in 
this study. 

STANLEY D. Beck 
Geeta G. Kapapia 
Department of Entomology, 
University of Wisconsin, Madison 
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Cytolysis versus Differentiation 
in Antineurula Serum 


Complex antigenic mixtures derived 
from various developmental stages of 
Rana pipiens are being studied (1) in 
an analysis of the chemical patterns of 
ontogeny (2). Antigens were prepared 
from entire neurulae (Shumway stages 
14 and 15) by a standardized homogen- 
ization in a Ten Broek tissue grinder 
with 0.05M phosphate-buffered saline at 
pH 7.4, and collection of the super- 
natants following centrifugation at 1500 
g with final clearing at 10,000 g (3). 
Such supernatants, containing 1.6 to 2.0 
mg of total N per milliliter, were emul- 
sified (4), and quantities containing 0.2 
ml of the antigenic mixture were in- 
jected under each scapula of four 
American chinchilla rabbits. Antisera 
were collected at periodic intervals and 
screened, using the interface precipitin 
reaction and the Ouchterlony agar dif- 
fusion technique (5). A representative 
antiserum, collected 4 months after in- 
jection, yielded a positive antigen dilu- 
tion titer at 0.2 ug of N per milliliter. 
Similar titers were obtained with y-glob- 
ulin fractions prepared by a cold ethanol 
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Table 1. “Dorsal tissues” of Rana pipiens neurulae cultivated in serologic media. Data 
refer to numbers of cultures. Numbers in parentheses: first number, number of rabbits; 
second number, number of sera. The minus signs in column 2 indicate that no precipitate 
formed. 





Condition of cultures 
at 7 days, 20° to 24°C 








Sera 
Precipitate Lysis Poor Normal Total 
Normal rabbit serum (4-4) 27 27 57 
Antineurula supernatant (4-7) + 91 5 0 96 
Normal rabbit B-globulin (2-2) = 0 2 18 20 
Antineurula supernatant B-globulin (1-2) + 0 28 5 33 
Normal rabbit y-globulin (2-2) = 0 2 33 35 
Antineurula supernatant y-globulin (2-3) + 57 8 0 65 
Antineurula supernatant (1-5), crude 
and y-globulin, absorbed with 

Neurula supernatant = 0 40 27 67 

Neurula pseudoglobulin + 0 49 0 49 

Neurula vitellin + 32 5 0 37 





method (6) which was controlled by 
microelectrophoretic analysis (7). 

Fragments of dorsal trunk tissues, ob- 
tained from stage-15 neurulae, which 
contained medullary plate, neural crest, 
notochord, dorsal mesoderm, and, occa- 
sionally, epidermal elements, were cul- 
tured singly in hanging drops of Niu- 
Twitty balanced salt medium plus 10 
units of penicillin and 1 ug of strepto- 
mycin per milliliter. After 7 to 14 days, 
these normal cultures contained chro- 
matophores, neuroblasts, chorda, fibro- 
blasts, striated fibroblasts, mesenchyme, 
and, occasionally, ciliated epidermal cells. 
Similar cultures (Table 1) were made 
in media containing crude normal rabbit 
sera, crude antineurula supernatant sera, 
normal rabbit B- and y-globulin, and 
antineurula supernatant B- and y-glob- 
ulin which had previously been dialyzed 
against Niu-Twitty medium. These me- 
dia contained rabbit protein in amounts 
varying between 4.5 and 0.7 percent. 
Control tests at varying dilutions of 
these reagents indicated that the nature 
of the results was independent of the 
rabbit protein concentration per se 
within this range. 

In Table 1, tabulations for undiffer- 
entiated but living cultures and cultures 
showing only epidermal and mesenchy- 
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Fig. 1. Agar diffusion patterns with a frog 
neurula-antineurula system. NPs, neurula 
pseudoglobulin; NS, neurula supernatant; 
A.NS, antineurula supernatant; A.NS- 
NPs, antineurula supernatant absorbed 
with neurula pseudoglobulin. 
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mal differentiation are reported together 
under the heading “poor.” Some as yet 
unknown factors in normal rabbit sera 
were mildly toxic (undifferentiated, 8 
cases; epidermal and mesenchymal dif- 
ferentiation, 19 cases). However, devel- 
opment in normal y-globulin was iden- 
tical with that shown in Niu-Twitty 
control cultures. The crude antisera and 
their y-globulins were potent cytolytic 
agents, while their B-globulins showed 
some toxicity (undifferentiated, 10 cases; 
epidermal and mesenchymal differen- 
tiation, 18 cases). This cytolytic activity 
was independent of complement, which, 
in initial tests, was destroyed by heating 
at 56°C for 30 minutes. These observa- 
tions on Rana pipiens are in close agree- 
ment with those made by one of us (8) 
on Hynobius nigrescens, also using anti- 
neurula supernatant in tissue cultures. 

In a further examination of speci- 
ficity, these antisera were absorbed with 
a number of reagents. Among _ these 
were the water-soluble (pseudoglobulin 
or livetin) and water-insoluble (vitellin) 
proteins obtained (3) from repeatedly 
washed neurula yolk platelets. 

The various line patterns (Fig. 1, a, b, 
and c) found in agar diffusion analyses 
of unabsorbed and absorbed antisera 
will be identified in another context; 
however, attention is invited to the line 
labeled c. In spite of differences in its 
rate of diffusion in the complex mixture 
and purified system, it was found to be 
continuous between the wells containing 
the homologous reagent and the pseudo- 
globulin in appropriately oriented plates 
—a condition which suggests identity 
(9). This identity is supported by the 
absence of the line in patterns produced 
by the absorbed antisera. Other types of 
pseudoslobulin preparations produced 
two lines with these antisera, one of 
which was identical to line ¢. This fits 
well with other evidence (/0). 

It may be seen in Table 1 that ab- 


sorption with pseudoglobulin removed 
all the cytolysis observed with the un- 
absorbed antisera. Some level of cellular 
differentiation was possible (undifferen- 
tiated, 27 cases; epidermal and mesen- 
chymal differentiation, 22 cases) even in 
the presence of precipitate from other 
serologic systems. However, this differ- 
entiation remained at a much lower 
level than that in the unabsorbed (nor- 
mal rabbit serum: undifferentiated, 8 
cases; epidermal and mesenchymal dif- 
ferentiation, 19. cases) or neurula su- 
pernatant absorbed (undifferentiated, 2 
cases; epidermal and mesenchymal dif- 
ferentiation, 38 cases) controls as meas- 
tured by the variey of cell types which 
developed. 

Antisera absorbed with vitellin re- 
tained the cytolytic activity of the un- 
absorbed antisera. This corresponds with 
earlier evidence of the serologic non- 
identity of pseudoglobulin and vitellin 
(3) and must be taken into account in 
considerations of the functional relation- 
ships of these materials (10, 11). Cer- 
tainly this nonidentity is dependent on 
more extensive molecular changes than 
those implied in a conversion of vitellin 
to pseudoglobulin by dephosphorylation 
alone (12)... 

These experiments suggest that the 
cytolytic activity of antineurula sera can 
be referred to one or more antigenic 
systems represented among the serologi- 
cally active groupings on pseudoglobulin 
and may provide a model to explain in- 
consistencies in the cytolytic activity of 
various sera as reported in the literature 
(2). The low level of differentiation ob- 
tained after absorption with pseudoglob- 
ulin suggests that other antigenic factors 
(Fig. 1, a and b) are more closely re- 
lated to differentiation. 

It will not be known whether the cyto- 
lytic or differentiation-inhibiting activity, 
or both, is localized in the cell mem- 
brane or whether the antibody penetrates 
the cell, until fluorescent antibody stud- 
ies now in progress are completed. The 
possibility that pseudoglobulin controls 
certain characteristics of the cell mem- 
brane may explain the observations on 
which the suggestion of its inductive role 
was based (12). 

Gerorce W. Nacr 

Kazuxo INovE* 
Zoology Department, Duke University, 
Durham, North Carolina 
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Thermal Protection of Choline 
Chloride from Decomposition by 
Ionizing Radiation 


Changes produced by ionizing radia- 
tions in target materials—for example, 
polymerization of vinyl monomers (/ ) 
and inactivation of enzymes (2)—are in 
general enhanced by temperature eleva- 
tion. It appears, however, that choline 
chloride, which at room temperature is 
one of the most radiosensitive organic 
solids known (3), becomes markedly ra- 
diation-resistant at 150°C. 

Studies have been carried out at our 
laboratory (4) on the effects of ionizing 
radiation on nerve tissue constituents, in- 
cluding the cholinesterase system (5). 
Choline, a substance essential to nerve 
conduction, has been shown (3) to de- 
compose by a free radical chain mecha- 
nism to trimethylamine and _acetalde- 
hyde when it is subjected to ionizing 
radiation as the pure crystalline chloride. 
When exposed at room temperature to 
2-Mev electrons, Co® y-rays, or CM 
6-rays, the G values—that is, the number 
of molecules decomposed per 100 ev— 
were 20, 175, and 1250 respectively; at 
- 196°C the compound was stable. 

In an attempt to determine the energy 
of activation of the radiation decomposi- 
tion of choline chloride, the crystalline 
compound was exposed to Co®® y-rays 
at room temperature, 50°C, and 150°C. 
At each temperature, three Pyrex am- 
pules of twice recrystallized choline chlo- 
ride, dried under vacuum and nitrogen 
at 110°C for 2 hours and vacuum sealed, 
were exposed to the radiation for vary- 
ing periods of time. Three Co®® sources 
were used, two of which (delivering 
232,000 and 792,000 rep/hr) were main- 
tained at room temperature; the third 
(572,000 rep/hr) had a normal operat- 
ing temperature of 50°C and was 
equipped with a furnace for higher tem- 
peratures, The percentage of remaining 
choline in each of the irradiated samples 
and its control was determined by the 
reineckate method (6). The G values, 
which are listed in Table 1, were then 
calculated for each run from the ob- 
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tained semilogarithmic relationship be- 
tween the percentage of remaining cho- 
line and the radiation dose in rep. 

Decreasing the radiation dose rate or 
increasing the temperature from 20° to 
50°C resulted in higher yields of decom- 
position. However, at 150°, regardless of 
the radiation exposure (4.6 to 13.7 x 10® 
rep) only 9 to 13 percent of the choline 
decomposed. The nonirradiated control, 
which was also kept at 150°C, did not 
change in appearance. The irradiated 
samples, however, became brown, and a 
small amount of insoluble material 
formed. 

In view of these changes, it was neces- 
sary to determine whether more than one 
compound was responsible for the very 
high choline recovery as indicated by the 
reineckate analyses. Cholinemethyl-C*4 
chloride was synthesized (3) and recrys- 
tallized twice. The product had a spe- 
cific activity of 66.5 muc/mg of choline 
chloride (7) (calculated, 62.5 muc/mg). 
It was shown to be chromatographically 
pure (Whatman No. 1 paper and 4/1/1 
n-butanol, concentrated HCl, and water, 
followed by autoradisgraphy). The la- 
beled choline was irradiated at 150°C in 
the same manner as the nonlabeled ma- 
terial. Once again, some brown and in- 
soluble substances were formed. 

Analysis of the soluble material by the 
reineckate procedure indicated that the 
choline recoveries following exposure to 
1.4, 2.8, and 3.7x 107 rep were 94, 94, 
and 93 percent, respectively (8). Solu- 
tions of the sample which had been irra- 
diated for 64.5 hours at 150°C, and of 
the labeled control, which also had been 
held at 150°C for the same length of 
time, were chromatographed for 23 
hours. Included on the same chromato- 
gram were samples of C1*-labeled tri- 
methylamine and nonheated, nonirradi- 
ated, labeled choline. The heated and 
nonheated control samples showed a sin- 
gle spot only. The irradiated sample ac- 
tivity was predominantly at the same 
R, as the choline controls with only a 
faint trace (about 1 percent) at a slightly 
higher R;. Apparently, therefore, no C14- 
labeled compound other than choline 
had contributed to the color developed 
in the analytic procedure. 

It might be assumed that the brown, 
irradiation-induced materials had acted 
as inhibitors of the free radical chain 
degradation of the remaining choline. If 
this were the case, one would expect 
that this type of inhibition should have 
been evident not only at 150°C but also, 
to some degree, at lower temperatures. 

Lemmon (3) has suggested that the 
spatial arrangement of atoms of crystal- 
line choline chloride may play an im- 
portant role in the free radical chain 
degradation. One might speculate that 
thermal excitation at 150°C (in contrast 
to that at lower temperatures or to the 


Table 1. Effect of temperature and dose 
rate on Co” y-ray decomposition of cho- 
line. 





Temp. Dose 





Co” of causing G 
source irradi- 50% al 
(rep/hr) ation decompn. ~ via 

(°C) (reps) 

792,000 18-20 2.9 x 10° 143 
232,000 20-25 1.0 x 10° 415 
572,000 50 0.8 x 10° 520 
572,060 150 * 








* Regardless of the dose—that is, from 0.5 to 
3.7 x 107 rep.—approximately only 10 percent of 
the choline decomposed. 


excitation due to ionizing radiation per 
se) can disturb the arrangement suffi- 
ciently to prevent the chain reaction. 
Further studies, therefore, may help to 
determine the relationship of crystalline 
structure to free radical chain reactions 
in solids, as well as to establish the use 
of elevated temperatures to protect some 
labile materials during irradiation. 

I. Sertin* 
Medical Department, 
Brookhaven National Laboratory, 
Upton, New York 
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Segregation of Plasmagenes 
and the Determination Problem 


Investigations on the  willow-herb 
(Epilobium) have shown that the intra- 
individual segregation of plasmagenes is 
a basic character of cytoplasmic inheri- 
tance (J). During vegetative cell divi- 
sions the plasmagenes may be distributed 
accidentally. They may, however, enter 
more or less exclusively one of the 
daughter cells as well. In such a way 
differences of cells and characteristic pat- 
terns arise within the plant. Besides the 
cytoplasmic segregation occurring in 
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Epilobium, a more generally known ex- 
ample is the distribution of plastids in 
white-spotted plants. Struck by these 
phenomena, I have advanced the hy- 
pothesis that several processes of Geter- 
mination are caused essentially by an un- 
equal distribution of plasmagenes during 
somatic development (2). 

In this respect, the cytoplasmic altera- 
tion “irregulare” (3) offers special inter- 
est. “Irregulare” arises either after 
treatment by radioactive isotopes or spon- 
taneously in certain interspecific hybrids 
which contain cytoplasm of the race 
“Essen” of Epilobium hirsutum. The 
“irregulare”’ character is transmitted 
nearly constantly through numerous gen- 
erations only by the mother, even in pres- 
ence of different nuclei foreign to the 
cytoplasm. During the ontogenetic devel- 
opment, especially during the develop- 
ment of the leaves, new cytoplasmic 
alterations are frequently given off by 
“irregulare” plants. It is in this way that 
“irregulare” leaf patterns originate. If 
a new lateral shoot is formed in such an 
anomalous area, maternal inheritance 
can be proved by crossing experiments. 
Therefore plasmonic [plasmon means 
the sum of all extranuclear genes (plas- 
magenes) | alterations must be involved. 

One of the plasmonic alterations that 
arises frequently from “irregulare” or 
otherwise by treatment with radioactive 
isotopes is the alteration “rhytidiophyl- 





Fig. 1. Epidermis of the plasmonic altcra- 
tion “rhytidiophyllum.” (a) Cross-section 
of the epidermis with separated epidermal 
cells. Parenchyma cells slip into the inter- 
stices. (b) Surface view of the epidermis 
with warping cell walls. In the lower part, 
a pore has formed by bursting of the cu- 
ticle. (¢) Similar view with cell walls 
warped like strings of pearls and with 
pores between the epidermal cells. The 
middle pore has an oblique position. (d) 
tross-section through a pore with a torn 
cuticle. 


262 


lum.” The leaves or leaf patterns of thie 
altered plants show a more or. less 
strongly wrinkled lamina. By means of 
anatomical investigation, different causes 
of this wrinkling have been revealed in 
various “rhytidiophyllum” plants. 

Within a majority of “rhytidiophyl- 
lum” plants the division of epidermal 
cells soon stops. If this takes place at an 
early stage of development of the epi- 
dermis, the easily warping cell walls be- 
come expanded, and the cell bodies are 
separated. Parenchyma cells slip into the 
interstices, until they touch the cuticle. 
In many cases a cuticle covers these dif- 
ferent cell types in a normal way. Oc- 
casionally it bursts and forms openings, 
which recall the pores of stomata (Fig. 
1). If division of epidermal cells stops 
later, the development of stomata will 
be disturbed. Then a single guard cell 
may develop with a more or less normal 
slit at its side, or an air chamber below 
an undeveloped stoma mother cell. In a 
still later stage the stomata are stretched 
out into large apertures, below which the 
parenchyma cells lie open and shrink up. 
In extreme cases intercellular spaces be- 
tween the epidermal cells become wid- 
ened, or individual epidermal cells be- 
come torn. Then the epidermis covers 
the parenchyma only as a perforated net 
(Fig. 2). In all these cases the “rhytidio- 
phyllum” character is produced by dis- 
harmonic development of two indepen- 
dent cell layers. 

In some chimeras of ‘“albomacula- 
tum,” in which cell division in the white 
parenchyma ceases early, the epidermis 
nevertheless continues dividing and lies 
in high folds. If individual white cells 
amid normal palisade parenchyma can- 
not divide, the white palisade cells are 
stretched out and assume a shape similai 
to those of the spongy parenchyma. Vice 
versa, normally dividing green spongy 
parenchyma cells amid white spongy 
parenchyma of white-spotted plants as- 
sume the shape of palisade cells. 

During normal development, the typi- 
cal shape of the two different paren- 
chymas is essentially determined by 
their different rates of cell division. The 
origin of “rhytidiophyllum”  disturb- 
ances agrees with these observations, and 
thus one may prove that they are caused 
by segregation of plasmagenes. 

In a second type of “rhytidiophyllum,” 
the epidermal cells do not grow horizon- 
tally, but vertically, to the leaf surface. 
New cell walls are built up periclinally 
(Fig. 3a). Such a multiseriate epidermis 
slightly resembles the epidermis of some 
xerophytes, 

The third “rhytidiophyllum” type, and 
that of special interest, was found in 
relatively numerous plants. In these the 
cells of the mesophyll are transformed 
into cells of a new and complete epider- 
mis. In the case of local “rhytidiophyl- 
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Fig. 2. Epidermis of “rhytidiophyllum.” 
(a) Surface view of the upper epidermis 
of the leaf with one stoma and with inter- 
cellular spaces widened by the growing 
parenchyma. Below the open stoma, some 
cells of palisade parenchyma are discern- 
ible. (b) Disturbed stoma with only one 
guard cell beneath the slit. (c) Disturbed 
stoma; one of the guard cells has not de- 
veloped. (d) Optical section through the 
air chamber below an undeveloped stoma 
mother cell. (e) Cross-section of a 
stretched stoma similar to that of a. (f) 
Epidermis stretched out to form a net; 0, 
openings in the epidermis. 





Fig. 3. Epidermis of “rhytidiophyllum.” 
(a) Cross-section of the upper epidermis 
of the leaf; cells are’ lengthened and 
partially divided by periclinal walls. (b) 
Double epidermis, both layers with sto- 
mata. The guard cells of the inner stoma 
in the air chamber project as in some 
hygrophytes. (c) Multiseriate epidermis. 
In the uppermost layer no stoma were 
touched by the knife. In the innermost 
layer, which is transformed from the pa- 
renchyma, a normal stoma is above the 
central parenchyma. 
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lum” patterns, this transformation takes 
place within relatively late phases of leaf 


development. If there rises only one sec- ‘ 


ond epidermis, it will contain typicai 
stomata and typical mother cells of 
hairs. In the interior of the leaf, how- 
ever, these hairs do not develop further. 
In some cases this second epidermis is 
situated immediately below the normal 
one; in other cases it lines the much en- 
larged air chambers (Fig. 3b). In the 
first instance, the stomata of neither epi- 
dermis function. In the second case, the 
guard cells of the inner epidermis are 
lifted up under the influence of the high 
air moisture within the leaf. In most pat- 
terns with a double epidermis, one of the 
chlorenchyma layers is missing. 

In some cases most layers of the 
spongy parenchyma have lost their nor- 
mal chloroplasts and have changed into 
an epidermal tissue with intercellulai 
spaces. Stomata were formed at the 
boundary between this and the normally 
green parenchyma amid the leaf (Fig. 
3c). Other similar transformations of 
palisade parenchyma cannot be identi- 
fied quite exactly as epidermal tissue be- 
cause stomata are missing in them. 

In the third type of “rhytidiophyllum” 
the following fact is of greatest interest: 
a plasmonic alteration, which can be 
proved as such, does not produce dis- 
turbances of normal development as in 
other cases of cytoplasmic inheritance, 
but a change of determination takes 
place. A meristematic tissue that should 
form chlorenchymatic cells develops in- 
stead into epidermal cells. This determi- 
nation process differs from the normal 
formation of dermatogen only by the 
atypical moment of realization and by 
its abnormal localization. This differ- 
ence, however, is caused by the time and 
locality of cytoplasmic: segregation. If 
we start from the well-founded opinion 
that plasmonic segregation is produced 
by an unequal distribution of plasma- 
genes, we then logically arrive at the 
further conclusion that similar proceed- 
ings take place during the determination 
of the typical dermatogen as well, and 
that plasmagenes are distributed irregu- 
larly during the first cell divisions of the 
embryo (4), in which root and shoot and 
later on the layers of differentiated tis- 
sues are preformed. 

Of course, cytoplasmic inheritance, as 
taking part in the processes of determi- 
nation, is very difficult to prove by cross- 
ing experiments, and in many cases this 
task is impossible to solve at all. The 
aforementioned observations, however, 
show that the hypothesis of the signifi- 
cance of plasmagenes for determination 
possesses a high degree of probability. 
This hypothesis can be proved exactly 
by a more detailed investigation of the 
behavior of cytoplasm and its inheritance 
during ontogeny. One then will have to 
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take into account that an analysis of in- 
traindividual patterns is of the same im- 
portance for cytoplasmic inheritance as 
is an analysis of segregating crossings for 
chromosomal inheritance. Moreover, one 
should not forget that the fundamental 
principle of heredity means the identical 
reproduction and passing on of all genes 
during vegetative as well as during gen- 
erative reproduction. 

P. MicHAeELIs 

F. BarTELs 

Max-Planck-Institut 
fiir Ziichtungsforschung, 
Kéln-V ogelsang, Germany 
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Role of Fumarate in Formation 
of Stromata in “Vernalized” 
Ergot Fungus 


It is well known that, for germination 
of Claviceps purpurea, an exposure of 
several weeks to cold, followed by a short 
period of exposure at higher tempera- 
ture, is necessary. According to Kirch- 
hoff (1), who studied this question in 
detail, the effect of cold seems to be 
similar to that of the vernalization of 
seeds. In studies of the respiration of 
germinating sclerotia and fully devel- 
oped stromata of ergot of rye, I have 
found that fumarate plays a special role 
in this process. 

The test ergot strain was Hungarian 
12. An exposure to 0° to 3°C during 6 
weeks was effective, causing 65 to 70 per- 
cent of the sclerotia to germinate after 
3 weeks at 20°C on a double layer of 
wet filter paper in petri dishes. The 
sclerotia that had been treated as de- 
scribed were vacuum infiltrated for 1 
hour with distilled water (control) or 
with 2 x 10-2M fumarate under 20 to 30 
mm-Hg pressure. Infiltration with water 
does not influence the development of 
stromata, while infiltration with fuma- 
rate entirely inhibits the germination. 
This inhibition can be overcome to some 
extent by infiltration with 2 x 10-°M suc- 
cinate. Succinate by itself has no effect 
on germination. 

In order to gain a deeper insight into 
this question, conventional Warburg res- 
pirometers were used for the estimation 
of oxygen absorption (Qo,) of the sclero- 
tia and stromata that had been infiltrated 
with the various compounds described 


Table 1. Effect of fumarate and succinate 


on the respiration of sclerotia and stro- 
mata of ergot fungus. 


Qo, 
Infiltration Sclerotia 
: Stro- 
Con- Cold mata 
trol treated 
Distilled water 25 27 346 
Fumarate 
(2x 107M) 22 25 20 
Succinate 
(2x 102M) 24 26 387 
Fumarate + 
succinate 25 26 276 


in Table 1. Measurements were carried 
out on four occasions in triplicate. As 
shown in Table 1, the fumarate does not 
inhibit the respiration of sclerotia, while 
the oxygen consumption of stromata was 
strongly affected by it. Succinate added 
in concentrations equal to those of the 
fumarate is able to renew oxygen up- 
take to a considerable degree. 

A consideration of these results has 
led to the following tentative conclusions 
and working hypothesis. The respiration 
of stromata follows a different pathway 
from that of the sclerotia. An explana- 
tion could be given for the inhibitory 
effect of fumarate on germination by the 
fact that, in the presence of fumarate, 
the respiration of stromata is inhibited. 
On the basis of the compensatory effect 
of succinate, it may be assumed that an 
unknown acid metabolism plays an im- 
portant role in the organization of the 
stromata of ergot fungus. This is in agree- 
ment with the work of Cantino (2), who 
studied the relationship between cellular 
metabolism and morphogenesis in Blas- 
tocladiella emersonii. 

A. Sr. Garay* 
Research Institute for Medicinal 
Plants, Budapest, Hungary 
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Conditioned Inhibition of 
Respiration and Heart Rate 
in the Goldfish 


Conditioned inhibition of breathing 
rate and heart rate has been reported for 
various mammalian species, including 
man (/). Typically, the termination of 
a light, sound, or some other conditioned 
stimulus (CS) is repeatedly associated 
with noxious electric stimulation of some 
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Fig. 1.1. Effect on breathing rate of light alone during preconditioning trials (A) ; of 
light paired with shock during conditioning trials (B, C) ; of light alone during extinction 
trials (D-F); and of light paired with shock during reconditioning trials (G-I). CR 
denotes conditioned response to light onset, and UCR denotes unconditioned response 
to shock. Fig. 1.2 (another fish). Effect on breathing and heart rate of light alone (J) 
and of light paired with shock (K, L). X denotes recording artifacts. Note that both 
frequency and amplitude of the EKG diminish during presentation of the CS (L). The 
EKG was recorded with a small time constant of amplification in order to avoid drift. 





portion of the organism’s anatomy. After 
sufficient pairings of the CS and shock, 
the CS acquires the power to elicit a 
slowing of the heart rate or inhibited 
respiration, or both, as a conditioned re- 
sponse. The conditioned inhibition dis- 
appears (that is, is extinguished) with 
successive presentations of the CS in the 
absence of continued shock reinforce- 
ment, 

Although this has been amply demon- 
strated in higher forms, little evidence of 
this sort of conditioning exists for poi- 
kilotherms (2). The purpose of this re- 
port is to demonstrate similar breathing 
and heart-rate conditioning effects in 
goldfish (Carassius auratus) and to sug- 
gest some applications of the condition- 
ing method that we have employed. 

In our experiments (3), a fish was im- 
mobilized in a special clamp (which left 
the head and operculi free) and was sub- 
merged in a small, water-filled tank that 
was painted flat black. Two sheets of 
aluminum foil, placed along opposite 
sides of the tank, served as electrodes 
Shock was delivered through the water 
(and the fish) by discharging, through 
the electrodes, a 0.3- to 1.0-uf con- 
denser, charged at 45 v (4). The shock 
occurred simultaneously with the ter- 
mination of the CS, which consisted of 
a 3- to 7-sec duration change in illumi- 
nation through the milk-glass bottom of 
the tank. Two 6-v lamps (one at each 
end of the tank) were illuminated dur- 
ing the CS interval. The sequence of 
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light-followed-by-shock was automati- 
cally timed (Hunter interval timer). 
Respiratory movements were mechani- 
cally transmitted (by means of a lever 
arm that rested against one operculum) 
to a thin sheet of flexible steel (1.5 in. 
by 3 in.) upon which four strain gages 
were mounted and wired to form a 
Wheatstone bridge. The lever arm was 
soldered to the free end of the flexible 
steel. Opercular movements were trans- 
lated into proportional direct-current 
voltages across the bridge, which was 
supplied by a 3-v battery. Potential 
changes were amplified and recorded on 
one channel of a Grass standard ink- 
writer; the largest time constant avail- 
able was used to prevent distortion of 
the tracings. In some of the experiments, 
leads from thin steel needles introduced 
in the region of the heart were coupled 
to another channel of the inkwriter for 
recording the EKG. A signal marker re- 
corded onset and termination of the CS. 
Each subject was permitted from 10 to 
30 minutes’ adaptation in the tank (that 
is, until breathing rate had become regu- 
lar) before each experiment was started. 
Figure 1 shows typical results. Figure 
1.1 presents recordings from a fish in 
which respiratory inhibition was first 
conditioned, then extinguished (by non- 
reinforced presentation of the CS), and 
then reconditioned. Figure 1.2 shows the 
record of another fish in which inhibition 
of heart rate, as well as respiration, was 
conditioned. : 


It has been our experience that gold- 
fish will show the conditioning effects 
illustrated in Fig. 1 within 15 to 40 trials, 
spaced from 1 to 2 minutes apart. Of the 
30 fish conditioned, 16 showed marked 
inhibition of breathing within 20 trials, 
five within 30 trials, three within 40 
trials, and six failed to condition reliably 
within 100 trials (5). 

Respiratory inhibition does not appear 
to be a matter of pseudoconditioning or 
sensitization. Breathing fails to be in- 
hibited by noise or by tactual stimulation 
after conditioning, and animals fail to 
show inhibition of respiration at CS on- 
set after backward conditioning (that is, 
shock presented first, followed by the 
CS). Also, the reconditioning record of 
Fig. 1.1 indicates that extinction was 
not caused by fatigue, ataxia, and the 
like. 

The technique which we have de- 
cribed is a convenient, quantitative 
method for studying the conditioning 
and retention of breathing and heart-rate 
inhibition in the goldfish—a readily ac- 
cessible, inexpensive, and easily main- 
tained species. Preliminary studies sug- 
gest that the method may have general 
application as a screening device for test- 
ing the effects of drugs on unconditioned 
breathing rate and heart rate and on 
learned emotional responses that involve 
these measures (6). The method, of 
course, is also suitable for behavioral 
studies involving the acquisition, reten- 
tion, and extinction of learned responses 
in fish. 

Leon S. Ort1s* 
Jean A. CERFt 
GartH J. THomaAS 
Neuropsychiatric Institute, 
University of Illinois, College 
of Medicine, Chicago 
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Book Reviews 


Selected Papers in Statistics and Proba- 
bility by Abraham Wald. T. W. Ander- 
son et al., Eds. Published for the In- 
stitute of Mathematical Statistics by 
Stanford University Press, Stanford, 
California, 1957. ix + 702 pp. $10. 


The development of a scientific disci- 
pline goes on at an uneven rate. Fre- 
quently, whole decades go by without 
major scientific advances; they are given 
simply to meticulous efforts aimed at 
perfecting the domain already covered. 
Then the monotony of this day-to-day 
routine is broken by the appearance of 
an individual of real talent. His papers 
reveal new ideas, formulate new prob- 
lems, and break new ground. Occa- 
sionally, an old idea is rediscovered— 
perhaps one formulated long ago by 
another man of great talent and then 
overlooked by his contemporaries and 
forgotten. This old idea appears in a 
new light and becomes a basis for a new 
theory. 

An incident of this kind recently oc- 
curred in the history of statistics. It was 
connected with the appearance on the 
scene of Abraham Wald. Born in Ru- 
mania and educated in Vienna, Abra- 
ham Wald came to Columbia University 
in 1938. Up to that time his interests had 
been directed toward various sections of 
pure mathematics. However, in 1937 he 
made a brilliant contribution to the 
foundations of the theory of probability. 
While in New York, Wald began to 
study the theory of statistics and, already 
in 1939, published one of his most im- 
portant papers on the subject. Many 
other papers followed, quite a number 
of them written jointly with Wald’s fol- 
lowers and students. This brilliant career 
was suddenly interrupted in the fall of 
1950 when Wald, and his wife, perished 
in an airplane accident during a lecture 
tour in India. The statistical community 
in this country and abroad was deeply 
shocked and saddened. The present vol- 
ume, which contairis a collection of 
Wald’s papers especially selected by a 
committee of the Institute of Mathemati- 
cal Statistics, reflects the warm feelings 
of the statistical fraternity. 

The achievements of Wald are many, 
and they are all brilliant. Because of the 
limitations imposed by the framework 
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of the present review, only two major 
points can be mentioned. One of these 
consists in the rediscovery of a very fruit- 
ful idea conceived at the end of the 18th 
century by Laplace, then briefly devel- 
oped by Gauss and then, largely, forgot- 
ten. 

As is well known, the general problem 
of mathematical statistics is to develop 
methods of using the results of observa- 
tions subject to chance in order to draw 
conclusions regarding the chance mecha- 
nism that produces the observations. La- 
place noticed that, in applying any such 
method, the statistician is very much in 
the position of playing a game of chance: 
if the chance mechanism produces “fa- 
vorable” values of the observable varia- 
bles, his conclusions will be right: on 
the other hand, if the chance variation 
provides him with “unfavorable” values 
of whatever he observes, his conclusions 
will be wrong. How wrong his conclu- 
sions will be also depends on chance. The 
possibility of the statistician’s choosing 
among many possible methods of draw- 
ing conclusions corresponds, in a sense, 
to the possibility of a gambler’s having 
something to say about the rules of the 
game he is about to play. In these cir- 
cumstances, Laplace imagined that, with 
every decision made by the statistician 
as a result of dealing with some observa- 
tions, there is connected a “loss” and 
that the greater the statistician’s error, 
the greater the loss. From here on, there 
was just one step to the formulation of 
the basic problem of choice among the 
possible statistical procedures: select the 
one that minimizes the expected loss re- 
sulting from wrong judgments. Gauss’ 
method of least squares is based on this 
same principle, except that Gauss’ loss 
function is defined to be proportional to 
the square of the error committed. Curi- 
ously, while the method and, particu- 
larly, the machinery of least squares are 
generally remembered and widely used, 
the principle on which this method is 
based—that is, the idea of the loss func- 
tion—was largely forgotten. Wald’s work 
brought it back, and now it is being 
broadly developed. The novel develop- 
ments are concerned with methods of 
drawing decisions which, in a sense, are 
optimum not for any particular loss func- 
tions, such as those contemplated by La- 


place or Gauss, but for broadly defined 
classes of loss functions. 

The second major achievement of 
Wald consists in the integration of the 
theory of statistics (theory of decisions 
based on observations subject to chance 
variation) with the theory of experimer- 
tation, to form what may be called the 
theory of experimental strategy. The 
honor of having initiated the theory of 
experimentation belongs to another out- 
standing contemporary statistician, R. A. 
Fisher. However, much as science owes 
Fisher, particularly for his ideas of ran- 
domization, the problems of experimen- 
tation considered by Fisher are con- 
cerned with the design of isolated 
experiments and may be termed the 
tactics of experimental work. Contrary 
to this, Wald’s theory deals not with sin- 
gle experiments but with their totality 
in a given domain of study. In addition, 
using his ideas about sequential proce- 
dures, combined with the idea of the loss 
function for faulty judgments, Wald laid 
the foundations of an ail-enveloping, 
unified theory of experimentation and 
statistical decision-making. This unified 
theory contemplates the possible cessa- 
tion of experiments at each step and the 
adoption of a terminal decision regard- 
ing “the state of the universe” or con- 
tinuation of experimentation with a 
novel setup. 

These general ideas, combined with 
many brilliant particular developments, 
are reflected in Selected Papers in Sta- 
tastics and Probability by Abraham Wald. 
It must have an honored place on the 
shelf of every scientific library and on 
the desks of most serious research work- 
ers. 

J. NEyMAN 
University of California, Berkeley 


The Water Relations of Terrestrial Ar- 
thropods. Cambridge Monographs in 
Experimental Biology, No. 5. E. B. 
Edney. Cambridge University Press, 
New York, 1957. 109 pp. Illus. $3. 


The special difficulties encountered by 
terrestrial arthropods, because of their 
small size, in obtaining and keeping a 
sufficient supply of water have attracted 
the attention of many workers during 
the past quarter-century. In this small 
volume, E. B. Edney, who was, until 
1955, reader in entomology at the Uni- 
versity of Birmingham and who is now 
professor of zoology at the University 
College of Rhodesia and Nyasaland, re- 
views critically the literature in this ex- 
tremely active field. The book will be 
of particular interest to insect physi- 
ologists, but comparative physiologists, 
ecologists, and biologists in general will 
welcome it. There are nearly 250 refer- 
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ences and, of these, more than 200 were 
published in the period 1930-55. 

The subjects covered in the six chap- 
ters include transpiration and cuticle 
structure, excretion and osmoregulation, 
gain of water, and water and body tem- 
perature. Despite the limitation sug- 
gested by the title, material on aquatic 
insects is also discussed. Edney’s treat- 
ment of these subjects is concise and 
clear, and his criticisms of methods and 
conclusions—including some of his own 

-are illuminating. Transpiration, for 
example, has turned out to be a far more 
complex process than it was, until re- 
cently, believed to be. The many ques- 
tions which Edney raises should stimu- 
late new and better work in the field. 

A search for factual errors in those 
aspects of the subject with which the 
reviewer is personally familiar has 
yielded only one sentence which might 
be questioned. On page 71 it is stated, 
“The evidence so far considered shows 
that in most eggs which absorb water 
this is restricted to a given period of 
development—it may be before dia- 
pause as in Melanoplus, or after, as in 
Austroicetes.” This statement holds for 
Melanoplus bivittatus, as Salt’s work 
has shown, but is not true for Melano- 
plus differentialis, where water is taken 
up by the eggs both before and after dia- 
pause. The fact that two species of the 
same genus of grasshoppers behave so 
differently in this respect illustrates both 
the variety which may be encountered 
in closely related organisms and the risk 
of making generalizations even for a 
genus. Since there are more than 150 
species of Melanoplus in North America, 
a considerable number of surprises, no 
doubt, still await those who investigate 
the water relations of their eggs. 

Edney’s compact and well-organized 
volume is a valuable addition to the 
series of monographs presently being 
published by the Cambridge University 
Press. All who are concerned with the 
important part played by water in bio- 
logical processes will be interested in 
this book. 

ELEANnor H, SuiFer 
State University of Towa 


Nonparametric Statistics for the Be- 
havioral Sciences. Sidney Siegel. Mc- 
Graw-Hill, New York, 1956. 312 pp. 
$6.50. 


Prior to the publication of Nonpara- 
metric Statistics for the Behavioral Sci- 
ences, isolated descriptions of nonpara- 
metric statistical tests and the necessary 
accompanying tables were inconven- 
iently scattered throughout a_ highly 
varied literature. Sidney Siegel has per- 
formed a great service for behavioral 
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scientists by cataloging, in a single vol- 
ume, most of the available nonparamet- 
ric procedures, along with tables of criti- 
cal values. As a reference work, this 
book is not only convenient but almost 
indispensable. As an elementary text- 
book, it combines simplicity and system- 
atic organization with many instructive 
illustrations, but there is, intentionally, 
very little presentation of the rationale 
and derivation of the techniques. 

The book is organized around ex- 
perimental designs; this makes it pos- 
sible for a research worker to locate an 
appropriate procedure without knowing 
the associated significance tests by name. 
Each technique is described in terms of 
function, method, and, when relevant 
information is available, power and 
power-efficiency. Examples of each 
method follow a uniform format: null 
hypothesis, statistical test, significance 
level, sampling distribution, rejection 
region, and decision. Instead of produc- 
ing annoying redundancies, this consist- 
ent treatment serves to clarify distinctive 
properties of the various tests and tends 
to pinpoint the differential advantages 
of alternative procedures, 

The book also contains a section on 
measurement, in which the author takes 
a firm but polemical stand on scaling 
requirements. He makes a puristic but 
somewhat overstated case for the wide- 
spread application of nonparametric 
statistics by dismissing interval scales 
as rare phenomena in the behavioral 
sciences and then forbidding, for ordinal 
data, the operations of arithmetic neces- 
sary for computing means and standard 
deviations. However, even though or- 
dinal scales are not completely isomor- 
phic with the real number system, they 
do reflect certain numerical character- 
istics, and the sum of a random sample 
of ordinal numbers possesses statistical 
properties upon which significance tests 
may be based. Interpretations of arith- 
metic operations performed upon non- 
interval scales are by no means trivial, 
as pointed out by Lord in his discussion 
of nominal numbers and Chebyshév’s 
inequality [F. M. Lord, Am. Psycholo- 
gist 8, 750 (1953.)]. 

Most nonparametric tests require only 
ranking information, and some are ap- 
plicable even to nominal classes. One 
strong justification that is offered for 
their use in the social sciences is the 
difficulty experienced in meeting, for 
behavioral data, the interval scaling re- 
quirements attributed to parametric 
statistics. However, this issue is compli- 
cated by the problem of dimensionality 
in measurement, which is not mentioned 
in the present volume. Some of the non- 
parametric techniques that require or- 
dinal data are illustrated with the Cali- 
fornia F Scale of Authoritarianism, 
which is a set of heterogeneous, multi- 


dimensional attitude statements. In a 
multidimensional domain such as au- 
thoritarianism, even unique ordinal 
properties are questionable, and, unfor- 
tunately, practical solutions for dimen- 
sionality are available only for interval 
numbers. However, nonparametric sta- 
tistics are also recommended because of 
their distribution-free character, ease of 
computation, and the generality that is 
obtained by not making numerous arid 
stringent assumptions about parameters. 
Because of these important properties, 
nonparametric techniques are widely 
applicable, and the present volume con- 
stitutes an excellent, nontechnical hand- 
book for their use. 

SAMUEL Messick 
Educational Testing Service 
and Princeton University 


Advances in Cancer Research. vol. 4. 
Jesse P. Greenstein and Alexander 
Haddow, Eds. Academic Press, New 
York, 1956. 416 pp. Illus. $10. 


The fourth volume of Advances in 
Cancer Research continues to maintain 
the high scholarship, completeness, and 
critical evaluation of the preceding re- 
views. Three of the eight papers deal 
with chemotherapy. The first chapter, 
by Sidney Farber and his associates, on 
“Advances in chemotherapy of cancer in 
man,” is a remarkably up-to-date analy- 
sis which, with Stock’s review in volume 
2, forms a rather complete summary of 
the whole of this active area of current 
research on cancer. Galton’s presenta- 
tion, on “The use of myleran and similar 
agents in chronic leukemias,” not only 
meets the requirements of the title but 
contains a discussion of clinical assess- 
ment, by a mature investigator, that is 
worthy of consideration by the younger 
clinicians now entering this field. Goldin, 
in a review entitled “The employment 
of methods of inhibition analysis in the 
normal and tumor-bearing mammalian 
organism,” effectively demonstrates the 
valuable additional data that can be de- 
rived from carefully designed dose-re- 
sponse laboratory studies in which the 
drug, the host, and the tumor are con- 
sidered as an interrelated system. 

The very selective review on “Some 
recent work on tumor immunity,” by 
Gorer, is a reflection of the revival of 
interest in this approach to cancer. The 
author is very helpful in orienting the 
reader to the relevant aspects of modern 
immunology, but this specialty has ac- 
quired a language of its own which will 
be a source of-ever-increasing despair to 
the general biologist. 

Grobstein’s consideration of “Induc- 
tive tissue interaction in development” 
is an engrossing account of the recent 
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work on differentiation. The author is to 
be congratulated on limiting his mention 
of cancer to some two dozen lines and 
then proceeding to his topic without 
straining analogies. 

Haven and Bloor attempt to present 
much of the available information on 
“Lipids in cancer”—a rich diet in which 
more evaluative predigestion would have 
been useful. The most intriguing work 
reported is that on the beneficial effects 
of including tumor tissue (now further 
localized to the phospholipid portion of 
such tissue) in the diet of rats that bear 
tumors. 

Under the title “The relation between 
carcinogenic activity and the physical 
and chemical properties of angular ben- 
zacridines,’ Lacassagne and his group 
make available, in English, their com- 
plex theoretical analysis of the K region 
in the molecular structure of carcinogens. 
The search for biochemorphologic fea- 
tures at the electron level is undoubtedly 
worth while but, alas, beyond my capaci- 
ties to review. 

Miihlbock, in the last paper, on “The 
hormonal genesis of mammary cancer,” 
presents this old topic in a somewhat 
different and informative fashion. Of 
particular interest is the attempted and 
reasonable reconciliation of the hor- 
monal aspects of mammary tumors in 
mice and in the human female. 

The editors, Jesse P. Greenstein and 
Alexander Haddow, and the publisher 
are to be congratulated for their valuable 
contributions to the cancer literature. 
The value of the reviews would be in- 
creased by including the titles of the ref- 
erences. If these were numbered and 
referred to by number in the text, most 
of the additional space would be com- 
pensated for, and the distraction of hav- 
ing too many parenthetical names and 
dates in the text would be obviated. 

Micuaet B. SHIMKIN 
National Cancer Institute, 
National Institutes of Health 


Separation and Purification. vol. III, pt. 
1, of Technique of Organic Chemistry. 
Arnold Weissberger, Ed. Interscience, 
New York, ed. 2, 1956. 873 pp. Illus. 
$17.50. 


The former volume III in this admir- 
able series possessed no title and treated 
of a diverse group of topics. In the pres- 
ent revision, the volume has been divided 
into two parts: part I, Separation and 
Purification, reviewed here, and part II, 
Laboratory Engineering, to be reviewed 
later. Into the latter portion have gone 
those topics that are concerned primarily 
with reactants and the reaction itself: 
“Selection of materials for the construc- 
tion of equipment” (new); “Heating 
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and cooling” (revised); “Grinding, 
screening, and classifying” (new:) ; “Mix- 
ing” (little changed); and “Operations 
with gases” (new). It may be added 
parenthetically that it is the “labora- 
tory” aspects of the subject which are 
stressed, rather than the “engineering” 
approach. 

Into part I have gone those topics that 
are concerned with the isolation, separa- 
tion, purification, and identification of 
mixtures of products and of other com- 
pounds. Most of the sections of part I 
have been revised, and expanded also, so 
that, while the former single volume con- 
tained only 671 pages, the two parts now 
total 1284 pages. It seems significant that 
each chapter has been expanded, if only 
by four pages, so that the reader may 
well ask why the authors invariably add 
newer material to the older rather than 
allowing natural selection to replace the 
outmoded by the modern. 

The chapter headings of part I are as 
follows: “Diffusion methods,” including 
“Thermal diffusion of organic liquids” 
(new), “Barrier separations’ (new), 
“Dialysis and_ electrodialysis” (little 
changed), and “Zone electrophoresis” 
(new); “Laboratory extraction and 
countercurrent distribution” (revised), 
including a section on “Liquid-liquid ex- 
traction for increased quantities” (new); 
“Crystallization and_ recrystallization” 
(revised); “Centrifuging” revised ) ; 
“Filtration” (revised); and “Solvent re- 
moval, evaporation and drying” (re- 
vised). 

The major revisions in the present vol- 
ume, when compared with the corre- 
sponding portion of the previous edition, 
reflect rather accurately the areas of 
greatest recent activity. This is particu- 
larly apparent in the first chapter, which 
contains three completely new sections, 
not found in the earlier edition. The 
techniques of thermal diffusion, barrier 
separations (molecular sieves), and zone 
(paper) electrophoresis have become 
prominent only in very recent years, and 
a majority of the references in these 
three sections are to the literature since 
1950, the date of the previous edition of 
this work. 

In the chapters that have been revised 
from the first edition, the more active 
areas also have been greatly enlarged. 
Thus, R. S. Tipson’s “Crystallization and 
recrystallization” now contains an ex- 
cellent 15-page treatment of molecular 
compounds and inclusion complexes, 
while D. and L. C. Craigs’ “Laboratory 
extraction and countercurrent distribu- 
tion” devotes 20 pages to their highly 
successful automatic countercurrent dis- 
tribution apparatus and 12 pages (with 
seven tables) to the selection of suitable 
solvent systems. A similar welcome ex- 
pansion has been accorded the section 
on freeze-drying in the late Geoffrey 


Broughton’s “Solvent removal . . .” chap- 
ter. 

There are, of course, omissions. I 
would have welcomed a discussion of the 
commercially available zeolite molecular 
sieves in the “Barrier separation” section, 
a treatment of three-phase countercur- 
rent distribution in the extraction chap- 
ter, and an application of freeze-drying 
techniques to nonaqueous systems. For 
those who are unfamiliar with the “Tech- 
nique of organic chemistry” series, it 
may be worth while to note that addi- 
tional separation and _ isolation tech- 
niques are treated in other volumes; for 
example, “Distillation” (vol. IV), “Ad- 
sorption and chromatography” (vol. V), 
“The ultracentrifuge” (vol. I, part I), 
and “Electrophoresis” (vol. I, part II). 

However, the observations which are 
applicable to the series in general may, 
with conviction, be applied to the pres- 
ent volume. It is well written, it is pro- 
fusely illustrated, and it is thorough in 
its treatment, maintaining a nice balance 
of theoretical and practical aspects. It 
must indeed rank as a standard reference 
work. 

KENNETH L, Rinenart, Jr. 
University of Illinois 


High Energy Accelerators. vol. 1 of 
CERN Symposium on High Energy 
Accelerators and Pion Physics, Pro- 
ceedings. Geneva, 11-23 June 1956. 
European Organization for Nuclear 
Research, Geneva, 1956. 567 pp. Illus. 
F. 40. 


This book is the first volume of a two- 
volume report on the European Organ- 
ization for Nuclear Research (CERN) 
Symposium. It covers the material pre- 
sented in the first week of the symposium. 

After an introduction by J. B. Adams 
of CERN, the first section concerns new 
ideas for high-energy accelerators. In 
this section are papers concerning fixed- 
frequency alternating-gradient accelera- 
tors, fixed-frequency cyclotrons, and 
ideas about colliding beam accelerators. 
Here, also, are some Russian ideas about 
completely new possible methods for ac- 
celeration of particles, with the aid of 
plasmas, and so forth. 

The second section is about problems 
connected with the transition energy in 
alternating-gradient accelerators. Here 
again, the Russian workers have a novel 
idea for circumventing this problem. 

The third session has to do with the 
problems of getting particles out of ma- 
chines. In this section there are papers 
concerning some of the existing synchro- 
trons and synchrocyclotrons as well as 
proposals for new machines. The follow- 
ing seven sections cover, in turn, linear 
accelerators and injection problems, non- 
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linear betatron oscillations, magnet prob- 
lems (here, the Russians report on their 
680-Mev synchrocyclotron and also on 
their new 10-Bev synchrotron, which is 
about complete), radio-frequency accel- 
eration, electron-synchrotron problems, 
problems in the use of accelerators (this 
section covers only experience with exist- 
ing machines), and, finally, general top- 
ics, including the Princeton-Pennsylvania 
proton-synchrotron and the Stanford 
linear accelerator. 

This book is well printed. There are 
numerous errors, which arise from the 
difficulty of getting authors who are scat- 
tered all over the world to check their 
contributions carefully and quickly. In 
general, these do not cause trouble in 
reading. A more serious criticism is that, 
since the meeting was attended mainly 
by experts, many of the papers will be 
found to be very difficult to follow by 
anyone not familiar with the subject. 
However, the book does contain a great 
deal of information on the new types of 
accelerators, most of which is not pub- 
lished elsewhere except in the internal 
reports of the groups working on these 
problems. It is, therefore, a very valuable 
book for anyone who wishes to become a 
specialist, and many parts of it will be 
found useful by anyone desiring informa- 
tion about these new ideas. 

Rosert O. Haxsy 
Midwestern Universities 
Research Association 


Early Electrical Machines. The experi- 
ments and apparatus of two enquiring 
centuries (1600 to 1800) that led to 
the triumphs of the electrical age. 
Bern Dibner. Burndy Library, Nor- 
walk, Conn., 1957. 57 pp. Illus. $1.50. 


The picture of Otto von Guericke pur- 
suing a drifting feather with his rubbed 
sulfur globe not only recalls a landmark 
in the history of electricity but consti- 
tutes a fit symbol of the instrument 
through the use of which, in the course of 
a century and a half, a miscellany of 
occult manifestations of nature were as- 
sembled into a science. Bern Dibner has 
undertaken to write a commemoration 
of that instrument, which is at the same 
time an excellent capsule history of elec- 
tricity during the heyday of the electric 
machine. 

Histories of electricity tend to become 
bloodless when the illustrations and de- 
scriptions of the quaint experiments—as 
they seem to us—are eliminated, A book 
such as this, which dwells on this era, 
rather than hurrying through it and 
touching only the “high spots,” is an in- 
teresting and useful antidote to the mal- 
ady of oversimplification which often 
afflicts works on the history of science. 
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‘The illustrations in the present work are 
well selected and beautifully reproduced, 
and Dibner has given a fuller than usual 
account of the multitudinous experiments 
of the empirically minded electricians of 
the 17th and 18th centuries. 

Modern technologists, it is to be feared, 
give too little thought to the debt owed 
their predecessors. It is pleasant to know 
of an outstanding exception in Dibner, 
whose beautiful and well-written publi- 
cations on the history of science have 
gained him a well-deserved reputation, 
both as a student and as a patron of the 
history of science and technology. 

Rosert P. MuLTHAUF 
Smithsonian Institution 


Ernest Rutherford, Atom Pioneer. John 
Rowland. Philosophical Library, New 
York, 1957. 160 pp. $4.75. 


Ernest Rutherford was born on 30 
August 1871, near the town of Nelson, 
New Zealand, and died on 19 October 
1937 in Cambridge, England. Into this 
all too short life of 66 years (his father 
and mother lived to the age of 89 and 92 
years, respectively) there were crowded 
an incredible number of scientific accom- 
plishments and honors. At the age of 23 
he earned his B.Sc. degree in New Zea- 
land and left for the Cavendish Labora- 
tory, Cambridge, with the aid of the 
single available scholarship. Three years 
later he earned a B.A. research degree 
and 1 year thereafter, at the age of only 
27, he became Macdonald professor of 
physics at McGill University, Montreal, 
Canada. Nine years later he took charge 
of the physics department at Manchester 
University, England, and after another 
12 years, at the age of 48, he succeeded 
his old teacher, J. J. Thomson, in Eng- 
land’s most distinguished position in 
physics, that of Cavendish professor at 
Cambridge, a position he held until his 
death. 

At McGill, Rutherford laid the experi- 
mental foundations of the entire field of 
radioactivity and wrote the first and 
second editions of his authoritative book 
of that title. At Manchester his theory 
of the nuclear atom was born and ex- 
perimentally established. At Cambridge, 
in 1919, he accomplished, for the first 
time, the artificial transmutation of ele- 
ments, using alpha-ray bombardment to 
transform ordinary nitrogen into an iso- 
tope of oxygen. 

In 1903, at the age of 32, Rutherford 
became a fellow of the Royal Society 
(and in 1925, its president); at the age 
of 37 he received the Nobel prize, in 
chemistry; at the age of 43 he was 
knighted, and at the age of 60, he be- 
came a baron. 


Rutherford was an_ experimental 


genius, with comparatively little facility 
in mathematics and with slight sympathy 
for involved mathematical theories. In 
this he was much like Faraday, in whose 
papers, as Rutherford once pointed out, 
there does not appear a single line of 
mathematics. When Rutherford was 
asked, in 1929, to address the British 
Association, meeting in South Africa, on 
“The trend in modern physics,” he re- 
plied that such a topic would not take 
more than 2 minutes to deal with. “All 
I could say would be that the theoretical 
physicists have got their tails up, and it 
is time that we experimentalists pulled 
them down again!” 

Until close to the time of his death, 
Rutherford enjoyed the most robust 
health. He was often taken, by strangers, 
for a farmer rather than a professor. He 
married a childhood sweetheart (after an 
engagement of 5 years!) and had an ex- 
ceptionally peaceful and happy married 
life. In spite of the honors heaped upon 
him, Rutherford preserved to the end 
his innate modesty. He was always gen- 
erous in his recognition of the work of 
others, including that of his coworkers. 
He was a tremendously hard worker and 
expected the same of his assistants. But 
he was both respected and loved by 
everyone who had associations with him. 
An intimate friend said of him, “Ruth- 
erford never made an enemy and never 
lost a friend.” There are truly few per- 
sons in all scientific history who can so 
well be chosen as a model and an inspi- 
ration to others in the field. For just this 
reason it is appropriate that the details 
of Rutherford’s scientific and personal 
life be widely publicized. 

Such details are, in fact, contained in 
his official biography, written only 2 
years after his death by A. S. Eve, a dis- 
tinguished physicist and a close friend 
and colleague of Rutherford at McGill 
University. Eve’s book is very interesting 
as well as authoritative. Now John Row- 
land has written a much more condensed 
biography. The major portion of Eve’s 
material consists of letters to and from 
Rutherford, both personal and scientific. 
Nearly 300 such letters are quoted in full 
or in part, and they constitute collec- 
tively the most intriguing feature of the 
volume for the professional scientist. 

Rowland’s new book, on the contrary, 
merely quotes a sentence here and there 
from such letters. It represents, however, 
a well-selected and well-written brief 
account of Rutherford’s life and can be 
read with profit and pleasure by a large 
section of the public. Unfortunately it 
closes with an eleven-page “Epilogue” 
on advances in physics since the death of 
Rutherford. Here Rowland falls down 
badly. For instance, Fermi, in place of 
McMillan, is credited with the discovery 
of the first transuranium élement, nep- 
tunium. Rowland’s description of the re- 
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actions that occur in the hydrogen bomb 
is quite incorrect. He makes no distinc- 
tion between the process of fission 
(A-bomb) and that of fusion (H-bomb) 
and there is, in fact, no indication that 
he even realizes that there is a difference. 
The other feature of Rowland’s book 
that disturbs me is the price. Eve’s book 
is handsomely bound, printed on 451 
large pages of high-grade paper, with 17 
plates of photographs, plus the frontis- 
piece, and six line drawings. Rowland’s 
book, which contains not more than one- 
fourth as many words, is printed on 160 
small pages of ordinary paper, with three 
line drawings and no photographs, ex- 
cept for the frontispiece. Yet Eve’s book 
sold in 1939, and still does sell, for $5, 
whereas Rowland’s book sells at $4.75— 
surely a glaring example of the effects of 
inflation, if nothing more. But it is an 
interesting and reliably written book, 
provided that the reader overlooks those 

last 11 misleading pages. 
Raymonp T. Birce 

University of California 


Progress in the Chemistry of Organic 
Natural Products. vol. 13. L. Zech- 
meister, Ed. Springer, Vienna, 1956. 
624 pp. Illus. $25.60. 


The timely coverage of important de- 
velopments in the field of natural prod- 
ucts has been maintained in this 13th 
volume of the Zechmeister series. The 
various topics are discussed with com- 
petence and clarity by the foremost re- 
search workers in the field, and a multi- 
tude of formulas, conveying structures 
and reaction schemes, are presented. 

The first chapter, by A. R. H Cole, 
deals with the application of infrared 
spectroscopy to the elucidation of the 
structure of natural products, with pri- 
mary emphasis on steroids and terpe- 
noids. A short discussion is also devoted 
to the polyenes. The description of the 
various instruments and sampling tech- 
niques could well have been omitted, 
since they have been considered in vari- 
ous other books. 

O. T. Schmidt discusses the progress 
of the chemistry of tannins since 1929 in 
the second chapter. The third chapter, 
by C. Tamm, deals with the progress of 
research in the field of cardioactive gly- 
cosides. The isolation and properties of 
the various glycosides are described. In 
the discussion of structure determina- 
tions, degradation reactions and struc- 
tures of aglycones are emphasized. 

The recognition of the importance of 
naturally occurring tropolones and tro- 
ponoids is well treated in the fourth 
chapter, by T. Nozoe. A description of 
structure determination of natural tro- 
polones is given, and general methods 
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for the synthesis of various types of tro 
ponoids are outlined. 

Alkaloids that are related to anthra- 
nilic acids are reviewed by J. R. Price 
in the fifth chapter. Quinoline, acridine, 
furoquinoline, quinazoline, and quindo- 
line alkaloids are included here. 

The final two chapters, by A. Chatter- 
jee, with S. C, Pakrashi and G. Werner. 
and by W. Grassman, with E. Wiinch, 
deal, respectively, with recent develop- 
ments in the chemistry and pharmacol- 
ogy of Rauwolfia alkaloids and with the 
syntheses of peptides. 

Henry Fever 
Purdue University 


New Books 


The Exploration of the Colorado River. 
John Wesley Powell. University of Chi- 
cago Press, Chicago, IIl., 1957 (abridged 
from ed. 1, 1875). 159 pp. $3.75. 

The Chemistry of Plants. Erston V. 
Miller. Reinhold, New York; Chapman & 
Hall, London, 1957. 181 pp. $4.75. 

Physiology of the Nervous System. E. 
Geoffrey Walsh. With chapters on somatic 
sensibility and the applied physiology of 
pain by John Marshall. Longmans, Green, 
New York, 1957. 579 pp. 50s. 

Précis de Biologie Humaine. Les bases 
organiques du comportement et de la 
pensée. Propédeutique biologique des 
étudiants en psychologie et sciences hu- 
maines. Paul Chauchard. Presses Universi- 
taires de France, Paris, 1957. 415 pp. 
Paper, F. 1400. 

Précis de Biologie Animale. M. Aron 
and P. Grassé. Masson, Paris, 1957. 1421 
pp. Cloth, 1 vol., F. 5900; paper, 2 vol., 
F. 5300. 

Physics. Erich Hausmann and Edgar P. 
Slack. Van Nostrand, Princeton, N.J., ed. 
4, 1957. 732 pp. $8. 

A Monograph of the Immature Stages 
of African Timber Beetles. E. A. J. Duffy. 
British Museum (Natural History), Lon- 
don, 1957. 345 pp. £5.5s. 

Heat Transfer and Fluid Mechanics 
Institute, 1957. Preprints of papers. Held 
at California Institute of Technology, 
Pasadena, 19-21 June. Stanford Univer- 
sity Press, Stanford, Calif., 1957. 446 pp. 
$8.50. 

Evolution of the Veterinary Art. A nar- 
rative account to 1850. J. F. Smithcors. 
Veterinary Medicine Publishing Co., Kan- 
sas City, Mo., 1957. 417 pp. 

Seminar on the Decline of Materialism. 
Sponsored by the Laymen’s Movement 
for a Christian world, 10-11 Nov. 1956, 
Wainwright House, Milton Point, Rye, 
N.Y. Laymen’s Movement for a Christian 
World, 347 Madison Ave., New York 17, 
1957. 108 pp. 

Medical Department, United States 
Army, Surgery in World War II. Ortho- 
pedic Surgery in the Mediterranean 
Theater of Operations. John B. Coates, 
Jr., Ed.-in-Chief. Office of the Surgeon 
General, Department of the Army, Wash- 
ington, D.C., 1957 (order from Supt. of 
Documents, GPO, Washington 25). 388 
pp. $4. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 

West African Maize Research Unit, 
Second Annual Report. 1954. West Afri- 
can Research Unit, Moor Plantation, 
Ibadan, Nigeria, 1957. 51 pp. 5s. 

Study Group on the Ecology of Inter- 
mediate Snail Hosts of Bilharziasis, Re- 
port. WHO Tech. Rept. Series No. 120. 
38 pp. $0.30. Study Group on Athero- 
sclerosis and Ischaemic Heart Disease, Re- 
port. WHO Tech. Rept. Series No. 117. 
40 pp. $0.30. The Work of WHO, 1956. 
Official records of the World Health Or- 
ganization, No. 75. Annual report of the 
Director-General to the World Health As- 
sembly and to the United Nations. 233 pp. 
$2. World Health Organization, Geneva, 
1957. 

Home Study Blue Book. Homer Kemp- 
fer, Ed. National Home Study Council, 
Washington, ed. 19, 1957. 32 pp. 

Energy Transfer in Polyacene Solid So- 
lutions. A guide to the literature to the 
end of 1956. NRC No. 4320. F. R. Lip- 
sett. Radio and Electrical Engineering 
Div., National Research Council of Can- 
ada, Ottawa, 1957. 64 pp. $0.50. 

A Spectacular Waterfowl Migration 
through Central North America. Biologi- 
cal Notes No. 36. Frank C. Bellrose. State 
Natural History Survey Div., Urbana, IIl., 
1957. 23 pp. 

Individual Differences in Night-Vision 
Efficiency. Medical Research Council Spe- 
cial Report Series No. 294. M. H. Pirenne, 
F. H. C. Marriott and E. F. O’Doherty 
(with a section on The Frequency of See- 
ing at Low Illumination by H. K. Hart- 
line and P. R. McDonald). Her Majesty’s 
Stationery Office, London, 1957. 83 pp. 
8s. 

Stress; Experimental Psychology; Child 
Psychiatry. Psychiatric Research Reports, 
7. Jacques S. Gottlieb, Chairman, Edi- 
torial Committee. American Psychiatric 
Assoc., Washington 6, 1957. 88 pp. $2. 

The Nature and Transmission of the 
Genetic and Cultural Characteristics of 
Human Populations. Papers presented at 
the 1956 annual conference of the Mil- 
bank Memorial Fund. Milbank Memorial 
Fund, New York, 1957. 143 pp. $1. 

Abstracts of Research Financed by the 
Petroleum Research Fund, 1954-1956. 
Administered by the American Chemical 
Society. Petroleum Research Fund, Wash- 
ington, 1957 (order from Secretary, Pe- 
troleum Research Fund Advisory Board, 
1155 16 St., NW, Washington 6). 34 pp. 

Proceedings of the Symposium on Rau- 
wolfia. Held under the auspices of the 
Pharmaceuticals and Drugs Committee of 
the Council of Scientific and Industrial 
Research on 17-19 October 1955 at the 
All-India Institute of Hygiene and Public 
Health, Calcutta. Reprinted from The 
Indian Journal of Pharmacy, vol. XVIII, 
Nos. 4-7, 1956. Popular Press, Bombay, 
1957. 148 pp. 

Symposium on Techniques in Polymer 
Science. With an introduction by C. H. 
Bamford. Lectures, Monograph and Re- 
ports, 1956, No. 5. Royal Institute of 
Chemistry, London, 1957. 79 pp. $1.15. 








Meetings and Societies 


Mathematics Instruction 


The second AAAS Conference on 
Mathematics Instruction was held in 
Washington in the AAAS board room, 
13-14 May 1957. At the meeting of the 
Policy Committee for Mathematics that 
was held in Rochester, N.Y., in Decem- 
ber 1956, the secretary of the committee, 
who had attended the first conference, 
reported that a great deal of useful in- 
formation had been presented but that 
there had been insufficient time to for- 
mulate concrete plans for the needed 
further consideration of these various 
studies. Subsequently, at the request of 
the policy committee, the AAAS called 
the second conference, which was made 
possible by a grant from the Carnegie 
Corporation of New York. There were 24 
participants, most of whom had attended 
the first conference as well. The presid- 
ing chairman was Dean W, L. Duren, 
Jr., of the University of Virginia. 

The conference approved 19 motions, 
in the form of recommendations or reso- 
lutions. While all of the motions are of 
general interest to scientists, resolutions 
1, 2, and 3 are addressed particularly to 
the departments of education of the 
states; 4, 5, and 6, to mathematicians; 
7, 8, and 9, to the Policy Committee for 
Mathematics; 10, to the Mathematical 
Association of America (MAA); 11 and 
12, to the National Council of Teachers 
of Mathematics (NCTM); 13 and 14, to 
the American Association for the Ad- 
vancement of Science (AAAS); and the 
remainder, to the National Science Foun- 
dation (NSF). The resolutions and rec- 
ommendations of the conference are as 
follows: 

1) That this Conference call the at- 
tention of school authorities on state and 
local levels to the facts that there is at 
present widespread interest in the im- 
provement of mathematical instruction 
and that there are significant programs 
of discussion, activity, and experimenta- 
tion in the area of curricular revision in 
mathematics presently in progress; and 
that the Conference recommend that 
these interests and activities be recog- 
nized by the appointment of committees 
or study groups on the state and local 
levels to consider problems of curricular 
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revision, and especially to familiarize 
themselves and their constituents with 
the studies of significant programs, and 
to determine the applicability to the 
state or local situations of the findings 
and recommendations of these groups. 

2) That this Conference recommend 
that states provide supervisory service 
for elementary and secondary mathe- 
matical programs by a person or persons 
of recognized competence in maiche- 
matics. 

3) That this Conference request that 
the Director of the Science Teaching Im- 
provement Program send resolutions | 
and 2 to state superintendents of educa- 
tion and also further publicize them in 
appropriate journals. 

4) That this Conference recommend 
to college and university departments of 
mathematics that they offer courses 
planned for prospective and in-service 
elementary teachers, and that depart- 
ments of mathematics seek the coopera- 
tion of the education departments of 
their colleges, to the end that such 
courses be required of elementary teach- 
ers, 

5) In view of the current interest in 
the improvement of mathematics cur- 
riculums and the importance to this 
country of improved mathematical train- 
ing in the schools, that this Conference 
urge that more mathematicians devote 
a fraction of their time, when so re- 
quested, to meeting with and assisting 
teachers who are planning and putting 
into effect such improved courses. 

6) That this Conference call attention 
to the need for additional study, involv- 
ing mathematicians, of mathematics pro- 
grams grades | to 8. 

7) That this Conference recommend 
that the Policy Committee for Mathe- 
matics consider the question of minimum 
certification requirements for teachers 
of mathematics. 

8) That this Conference recommend 
that the Policy Committee for Mathe- 
matics prepare and distribute, in large 
numbers, two 1- or 2-page leaflets, one 
on careers in teaching mathematics and 
one on other careers in mathematics. 

9) That this Conference refer to the 
Policy Committee for Mathematics the 
question of support for legislation to 


build mathematics buildings in colleges 
and universities. 

10) That this Conference recommend 
to the MAA that it take steps, in co- 
operation with NCTM, to extend the 
visiting lecturer program to high schools. 

11) That this Conference refer to 
NCTM the question of preparing a 
guide for curriculum studies in mathe- 
matics, for the use of city and county 
school systems and state groups. The 
guide would point out ways in which 
curriculums in mathematics can be de- 
veloped to meet current needs and take 
advantage of the national interest in the 
improvement of mathematics instruction 
at all levels. 

12)That this Conference endorse the 
curriculum study of the NCTM. 

13) Whereas significant efforts have 
been made to recruit students for such 
professions as engineering and to enroll 
[them] in courses in sciences and mathe- 
matics, and whereas such efforts have 
greatly increased the demand for in- 
struction in mathematics, and whereas 
no comparable efforts have been made to 
recruit an adequate supply of qualified 
teachers of mathematics to offer such in- 
struction, be it resolved that this Confer- 
ence urge that the Science Teaching 
Improvement Program of the AAAS 
continue to undertake to secure funds 
and direction for a program to encourage 
students in junior and senior high schools 
and in colleges to enter the profession of 
the teaching of mathematics. 

14) That this Conference recommend 
that AAAS sponsor a conference in which 
the mathematical organizations would 
meet with scientists and engineers to 
learn what mathematics courses would 
best support new science. 

15) That this Conference recommend 
to NSF that the Science Faculty Fellow- 
ship Program be extended to the high- 
school level. 

16) That this Conference recommend 
to the NSF that there be more summer 
institutes programmed for junior high 
school teachers; and that it publicize 
this recommendation among colleges 
which might hold such institutes. 

17) That this Conference recommend 
that NSF consider follow-up of some 
summer institutes by consulting service; 
and that it instruct such institutes to 
try, when possible, to include two or 
more teachers from the same school sys- 
tem. 

18) That this Conference go on rec- 
ord in favor of increasing the number of 
summer institutes for college teachers of 
mathematics. 

19) That this Conference recommend 
that NSF consider experimental institutes 
in mathematics for elementary teachers. 

Joun R. Mayor 
American Association for the 
Advancement of Science 
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Antibiotics 


The fifth annual Symposium on Anti- 
biotics will be held 2-4 Oct. at the Wil- 
lard Hotel, Washington, D.C. It is spon- 
sored by the Division of Antibiotics of 
the Food and Drug Administration, U.S. 
Department of Health, Education, and 
Welfare, with the journals Antibiotics 
and Chemotherapy and Antibiotic Medi- 
cine and Clinical Therapy. 

There is no registration fee. Abstracts 
of no more than 200 words (five copies) 
must be submitted no later than 19 Aug. 
The abstract should explain briefly not 
only what was done in the study but 
the results obtained. The original manu- 
script and one copy must be submitted 
by 2 Sept. to Dr. Henry Welch, Division 
of Antibiotics, Food and Drug Adminis- 
tration, U.S. Department of Health, Edu- 
cation, and Welfare, Washington 25, 
D.C. 


Nuclear Structure 


An International Conference on Nu- 
clear Structure devoted to the experimen- 
tal and theoretical aspects of low-energy 
phenomena will take place at the Weiz- 
mann Institute of Science, Rehovoth, 
Israel, from 9 to 13 Sept., under the aus- 
pices of UNESCO and the International 
Union of Pure and Applied Physics. Ses- 
sions will consist of two or three lectures, 
followed by a 45-minute discussion. 
Those who expect to take part in the dis- 
cussions have been requested to submit a 
résumé of their comments in advance. 
About 150 scientists from 15 different 
countries are expected to participate. 

A 3-day tour of the country from 14 
to 16 Sept. will follow the conclusion of 
the sessions. Inquiries may be addressed 
to the secretary of the conference, A. 
de-Shalit, Weizmann Institute, Re- 
hovoth, Israel. 


Geodesy and Geophysics 


More than 1500 specialists in the earth 
sciences will gather in Toronto 3-14 
Sept. to hold the 11th general assembly 
of the International Union of Geodesy 
and Geophysics. The main topic will be 
the International Geophysical Year 
(IGY). Delegates from 50 countries in 
all parts of the world will review the 
IGY opening and lay final plans for the 
vast joint enterprise. 

The meeting in Toronto will bring to- 
gether I[UGG’s seven international asso- 
ciations, whose interests cover nearly all 
aspects of the IGY. J. T. Wilson, head 
of the Geophysics Laboratory of the Uni- 
versity of Toronto, is in charge of ar- 
rangements. He is also vice-president of 


the IUGG. 
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International Scientific Radio Union 


Sixteen countries, exclusive of the 
United States, have already appointed a 
total of 141 delegates to attend the 12th 
general assembly of the International 
Scientific Radio Union, which will meet 
22 Aug. to 5 Sept. in Boulder, Colo. Nine 
other countries, including the U.S.S.R., 
are still expected to name delegates. The 
number of U.S. delegates appointed so 
far totals 139. This closed meeting of 
radio scientists will be limited to approxi- 
mately 500 delegates and observers. 

Invited to the United States by the 
U.S. national committee of the union, 
the scientists will have as local hosts the 
Boulder Laboratories of the National Bu- 
reau of Standards, the University of 
Colorado, the High Altitude Observa- 
tory, and the city of Boulder. Kenneth A. 
Norton, chief of the NBS radio propaga- 
tion engineering division, is chairman of 
local arrangements. 

This cooperation in basic research is 
brought about largely through the efforts 
of the permanent International Scien- 
tific Radio Union commissions that con- 
duct continuous studies in the major 
fields of radio research. The assemblies, 
which are held every 3 years with one of 
the member countries serving as host, 
allow representatives of the commis- 
sions to pool information on present 
radio studies and to outline over-all plans 
for future international research pro- 
grams. This will be the first time since 
1927 that the United States has been host 
to the assembly. 


Society Organized for Biophysicists 


The Biophysical Society was organized 
early this year to encourage biophysical 
research in three ways: by increasing 
communication among the highly diversi- 
fied scientists working in this field, by 
furthering the training of biophysicists 
and by promoting the application of re- 
search techniques from physics to bio- 
logical problems. More than 500 scien- 
tists from 200 institutions throughout 
the United States met in Columbus, 
Ohio, to discuss the problems, purposes, 
and desirability of founding a society 
that would protect and promote the in- 
terests of biophysicists. The society will 
attempt to define further the biophysi- 
cal field and draw into it the engineering, 
medical, biological, and physics talent 
that should serve it. 

Elected to lead the new society as 
chairman was Robley C. Williams of 
the University of California, Berkeley; 
Otto H. Schmitt, of the University of 
Minnesota, vice chairman; Ralph W. 
Stacy of Ohio State University, treasurer; 
and Samuel A. Talbot of Johns Hopkins 
School of Medicine, secretary. A 20-man 


council also was named. Its members, in 
addition to the officers, include: E. C. 
Pollard, W. A. Rosenblith, F. D. Carl- 
son, K. S. Cole, H. K. Hartline, M. A. 
Lauffer, C. Levinthal, E. Rabinowitch, 
N. R. Rashevsky, A. Rich, R. B. Roberts, 
F. O. Schmitt, A. K. Solomon, H. B. 
Steinbach, C. A. Tobias, and R. E. 
Zirkle. 


Forthcoming Events 


September 


9-11. Electron Microscope Soc. of 
America, annual, Cambridge, Mass. (D. 
M. Teague, Chrysler Corp., Box 1118, 
Detroit 31, Mich.) 

9-11. Quantitative Methods of Mam- 
malian Cell Culture, 2nd annual, Denver, 
Colo. (Office of Graduate and Postgradu- 
ate Education, Univ. of Colorado Medical 
Center, Denver 20.) 

9-13. Illuminating Engineering Soc., 
annual, Atlanta, Ga. (A. D. Hinckley, 
IES, 1860 Broadway, New York 23.) 

9-13. Instrument Automation Conf., 
12th annual, Cleveland, Ohio. (Instru- 
ment Soc. of America, 313 Sixth Ave., 
Pittsburgh, Pa.) 

9-13. Neutron Interaction with Nuclei, 
internatl. conf. of IUPAP, New York. 
(W. W. Havens, Pupin Cyclotron Lab., 
Columbia Univ., 538 W. 120 St., New 
York 27.) 

9-13. Society of Photographic Scientists 
and Engineers, annual, Asbury Park, N.J. 
(Society of Photographic Scientists and 
Engineers, Box 1609, Central Station, 
Washington, D.C.) 

9-15. Macromolecular Chemistry, inter- 
natl. symp., IUPAC, Prague, Czechoslo- 
vakia. (Secretariat, ISMC, 5, Technicka, 
Prague 6.) 

9-20. Radio-Isotopes in Research, 
UNESCO conf., Paris, France. (UNESCO 
House, 19, avenue Kléber, Paris 16°.) 

10-13. Alaskan Science Conf., 8th, An- 
chorage. (C. J. Beers, U.S. Coast and 
Geodetic Survey, College, Alaska. ) 

10-13. American Statistical Assoc., an- 
nual, Atlantic City, N.J. (D. C. Riley, 
ASA, 1757 K St., NW, Washington 6.) 

10-13. Biometric Soc., Eastern North 
American region, Atlantic City, N.J. (A. 
M. Dutton, Box 287, Sta. 3, Rochester, 
N.Y.) 

10-13. Econometric Soc., Atlantic City, 
N.J. (R. Ruggles, Dept. of Economics, 
Yale Univ., New Haven, Conn.) 

10-13. Institute of Mathematical Sta- 
tistics, annual, Atlantic City, N.J. (G. E. 
Nicholson, Jr., Dept. of Statistics, Univ. 
of North Carolina, Chapel Hill.) 

14-15. Minnesota Acad. of Science, 
Cedar Creek Forest. (M. R. Boudrye, 51 
University Ave., St. Paul 3, Minn.) 

15-18. American Inst. of Chemical En- 
gineers, natl., Baltimore, Md. (F. J. Van 
Antwerpen, AIChE, 25 W. 45 St., New 
York 36.) 

16-21. Orthopedic Surgery and 
Traumatology, 7th internatl. cong., Bar- 
celona, Spain. (J. M. Vilardell, Avenida 
Jose Antonio 654, Barcelona.) 

17-20. International Union of Pure and 
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ADENOSINE 


—and its phosphate esters have marked vasodilating prop- 


erties. Literature citations available on, for example: 





Applied Physics 9th general assembly, 
Rome, Italy. (P. Fleury, IUPAP, 3, boule- 
vard Pasteur, Paris 15°, France.) 

17-24. Industrial Chemistry, 30th in- 
ternatl. cong., Athens, Greece. (Commit- 
tee of Organization, 30th internatl. Cong. 
of Industrial Chemistry, Rue Kaningos 
10, Athens. ) 

18-20. Formation and Stabilization of 
Free Radicals, symp., Washington, D.C. 
(A. M. Bass, Free Radicals Research Sec- 
tion, National Bureau of Standards, Wash- 
ington 25.) 

18-21. Child Psychology Symp., Wor- 
cester, Mass. (D. Evans, News Bureau, 
Clark Univ., Worcester. ) 

18-21. International Mineral Dressing 
Cong., Stockholm, Sweden. (J. Hedlund, 
IMDC, Nackstrémsgatan 11, Stockholm 
C.) 

19-21. Office Dermatology, postgradu- 
ate conf., San Francisco, Calif. (Office of 
the Dean, Stanford Univ. School of Medi- 
cine, 2398 Sacramento St., San Francisco 
15.) 

22-28. Mesons and Recently Discov- 
ered Particles, colloquium, IUPAP, Ven- 
ice, Italy. (A. Rostagni, Istituto di Fisica 
dell’ Universita, Via Marzolo 8, Padua, 
Italy.) 

23-24, Fluid Flow in Porous Media, 
Conf., Norman, Okla. (C. G. Dodd, Pe- 
troleum Engineering Dept., Univ. of Okla- 
homa, Norman. ) 

23-25. American Soc. of Mechanical 


ADENOSINE-5-PHOSPHORIC ACID* 
Engineers, fall, Hartford, Conn. (C. E. 


in capes of arteriosclerosis obliterans, vascular disease, vari- Davies, ASME, 29 W 39 St., New York 
cose veins and phlebitic veins, intermittent claudication, vaso- 18. 


* Available as Lycedan ® 





dilation and atherosclerosis. 


ADENOSINE TRIPHOSPHATE** 


in cases of cardiovascular disease and for studies of vaso- 


dilation, muscle action and fatty acid metabolism. 


YEAST ADENYLIC ACID 


for vasodilation and peripheral ailments. 


*® Available as Triphosaden ® 





These Schwarz fine chemicals satisfy the exacting require- 
ments of products intended for laboratory and biochemical 
use. 

To assure the user of highest quality and purity, rigid spe- 
cifications in accordance with latest literature are established 
for each product, each lot is carefully analyzed and checked 
before shipment, complete records are permanently kept, and 
an analysis is furnished the user if desired. 

Quantity production resulting from the wide preference and 
demand for Schwarz high-quality biochemicals provides am- 
ple supplies at low cost. Write for informative technical 
bulletins, specifications, references to literature, and latest 
complete price list. 


SCHWARZ LABORATORIES, INC. 


230 WASHINGTON STREET, MOUNT VERNON, NEW YORK 


f 
f 
\ 





Leading Manufacturers of Yeast Biochemicals and Fine Chemicals 
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23-27. International Sac. of Bioclima- 
tology and Biometeorology, Vienna, Aus- 
tria. (S. W. Tromp, Hofbrouckerlaan 54, 
Oegstgeest-Leiden, Holland.) 

24-25. Industrial Electronics Conf., 
Chicago, Ill. (E. A. Roberts, Union Ther- 
moelectric Corp., 2001 Greenleaf St., 
Evanston, III.) 

25-27. Mississippi Valley Medical Soc., 
annual, St. Louis, Mo. (H. Swanberg, 510 
Maine St., Quincy, Ill.) 

28-30. American College of Hospital 
Administrators, 23rd annual, Atlantic 
City, N.J. (D. Conley, ACHA, 620 N. 
Michigan Ave., Chicago 11, IIl.) 

29-5. World Medical Assoc., Istanbul, 
Turkey. (L. H. Bauer, 10 Columbus Cir- 
cle, New York 19.) 

30-2. American Oil Chemists’ Soc., fall, 
Cincinnati, Ohio. (Miss L. R. Hawkins, 
AOCS, 35 E. Wacker Dr., Chicago 1, Ill.) 

30-8. International Council for the Ex- 
ploration of the Sea, 45th annual, Bergen, 
Norway. (A. Fridriksson, ICES, Charlot- 
tenlund Slot, Charlottenlund, Denmark.) 


October 


1-4. American Roentgen Ray Soc., an- 
nual, Washington, D.C. (B. R. Young, 
Germantown Hospital, Philadelphia 44, 
Pa.) : 

2-4, American Soc. of Photogrammetry, 
semi-annual, St. Louis, Mo. (C. E. Pal- 
mer, ASP, 1515 Massachusetts Ave., NW, 
Washington 5.) 

2-4. Antibiotics, 5th annual symp., 
Washington, D.C. (H. Welch, Div. of 
Antibiotics, Food and Drug Administra- 
tion, U.S. Dept. of Health, Education, 
and Welfare, Washington 25.) 


(See issue of 19 July for comprehensive list) 
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liquid scintillation counting. 





NORTHWESTERN UNIVERSITY CONFERENCE 


ON 


LIQUID SCINTILLATION COUNTING 


This Conference will be sponsored jointly by the National Science Foun- 
dation and the Technological Institute of Northwestern University. 
The papers presented will cover fundamental theory and applications of 


To receive complete program and also to receive future announcements 
regarding liquid scintillation counting, send letter or card to: 


Dr. Carlos G. Bell, Jr. 
Northwestern Technological Institute 


Evanston, Illinois 


20-22 August 
1957 
Evanston, 
Illinois 























3000°F. 





“‘CB” Series 


Simple to install and easy to operate this 


CB-55 (also larger sizes) handles exact 
laboratory and pilot plant operations, and 
other heat-treating work requiring close 
control of extremely flexible heat cycles. 


Size: 32” d. x33” w.x 64” h., with load- 
ing area 10” d,.x8” w.x6” h. Uniform 
heat from silicon carbide elements over 
and under the chamber. All controls on 
front panel: automatic temperature con- 
troller input meter, 36-tap auto-transformer 
with switch interlock, cut-off switch, and 
safety pilot-light. Wedge-fit counterbal- 
anced door. 230-v., 60 cyc., 1 ph. or 3 ph. 
Variable control from 11 KW down to 
3.5 KW. Atmosphere connections optional. 


PERECO also makes standard and special 
prone rg for temperatures from 450°F., to 


PERENY EQUIPMENT CO. 


Dept. F, 893 Chambers Rd. 
Columbus 12, Ohio 
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Completely Packaged 


Electric 
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Ideal for 
Laboratory Use 
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VENOMS 


AAAS Symposium Volume No. 44 


6” x 9”, 480 pp., 113 illus., 
index, cloth, Dec. 1956 


Price $9.50. AAAS Members’ 
cash order price $8.25 


First International Conference 
on Venoms, with 95 contribu- 
tors from 18 countries. Com- 
prehensive coverage of all as- 
pects of the problem. 


This book covers poisonous fishes and 
marine organisms, many species of 
venomous snakes, the Gila monster, 
toads, scorpions, spiders, caterpillars, 
wasps and other venom-bearing insects; 
hyaluronidaselike substances and other 
spreading factors in venoms; various 
chemical components of venoms, coagu- 
lant and anticoagulant factors, antigenic 
principles; various experimental and sug- 
gested clinical uses of venoms; clinical 
considerations: mortality rates, treat- 
ment of many kinds of envenomation; 
new developments in serotherapy and 
types of supplementary medication; dan- 
gers of refrigeration for treatment. 


Of special interest to: Physicians, 
pharmacologists, chemists, and zoolo- 


gists. 
AAAS 


1515 Mass. Ave., NW, Washington 5, D.C. 
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simple °f 


lexible » inexpensive 


MULTI-PURPOSE DIALYZER 


Providing for 16 separate samples, each up to 20 mi, the 
Oxford Model B Dialyzer has a buffer capacity up to 5 liters. 
The unit is particularly useful for concentrating dilute protein 
samples for paper electrophoresis and for treating protein 
fractions prep ti 


flow curtain method. 









xford 





WW SUTTER STREET 


d by the 


Arranged for utmost convenience, the Model B revolves 
samples in a circular path as shown in the illustration. Samples 
are separately contained in lengths of cellophane tubing. 
Baffles at the bottom of the Pyrex brand glass tank contribute 
@ maximum dialyzing efficiency by giving both internal agita- 
tion to the sample and external agitation to the buffer. 

MORE DETAILS? ASK FOR DATA SHEET IBS 


PRICE: $59.50 


aboratories 
° SAN FRANCISCO 4 @ 


CALIFORNIA. 
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EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


™ ANALOG-TO-DIGITAL CONVERTER accepts 
electric signals in ranges from 1 mv to 
several volts full scale and converts them 
into angular displacement by means of 
a servomechanism. Angular displacement 
is then converted to digital code repre- 
sentation in the form of contact closures 
by interchangeable drums coded with 
contact pins arranged in up to 16 rows. 
Each row has 200 quantizing positions. 
(Union Thermoelectric Corp., Dept. 
$458) 


™ PROGRAMED POWER SUPPLY supplies d-c 
voltages in l-volt steps from —300 to 
+300 v and at currents from 0 to 200 
ma. Programing is furnished by punched 
tape or by any system which supplies 
binary-coded decimal signals. Voltages 
are selected by applying pulses to a group 
of relays. These operate in conjunction 
with precision-made, wire-wound, volt- 
age-dividing resistors. Response time is 
200 msec. (Dressen-Barnes Corp., Dept. 
$471) 


@ PULSE-HEIGHT ANALYZER is available in 
capacities from 10 to 50 channels in in- 
crements of 10 channels. A maximum of 
99,999 counts may be accumulated in 
each channel at counting rates up to 
15,000 count/min, Readout is accom- 
plished by a scale-of-ten glow transfer 
tube followed by a four-digit register. 
Double-pulse resolution time is 4 usec. 
Discriminator window width is fixed at 
2.0 v, stable within +1 percent. (El 
Dorado Electronics Co., Dept. S474) 


™ PORTABLE OSCILLOSCOPE has a pass band 
from direct current to 10 Mcy/sec. Ver- 
tical amplification is variable from 0.01 
to 50 v per division in 12 steps. The time 
base provides 22 calibrated steps from 
0.2 psec to 2 sec per division. A 3-in. 
cathode-ray tube with an accelerating 
potential of 1.85 kv is used. The power 
supply is electronically regulated. (Tek- 
tronix Inc., Dept. S488) 


S ULTRARAPID FLASHER provides flash 
repetition rates to 20,000/sec. Flash 
duration is of the order of 1 usec. Energy 
per flash can be varied from 0.3 to 5 
watt seconds. At flashing rates up to 
1000/sec, continuous operation is pos- 
sible. The light source is a demountable 
spark chamber. (Frank Fruengel Inc., 
Dept. S511) 
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™ PHOTOELECTRIC REFRACTOMETER com- 
pares the refractive index of a reference 
fluid to that of a process fluid. A self- 
nulling optical servo system provides a 
linear output signal suitable for actua- 
tion of recording and data-processing 
equipment. (Phoenix Precision Instru- 
ment Co., Dept. $480) 


™ METAL DETECTOR has a maximum range 
of 7 feet for large objects. The instru- 
ment is battery operated, and the search 
coil is designed for underwater use. 
Proximity of metallic objects is indicated 
by meter deflection and by headphone 
sounds. (Gardiner Electronics Co., Dept. 
S499) 


™ PULSE CALIBRATOR measures amplitude, 
duration, and rise time of current and 
voltage pulses. The instrument permits 
visual display of two signals. One of 
these, the signal to be measured, can be 
alternating current, direct current, or a 
pulse of either polarity. The other is a 
known reference voltage which is used 
as a measuring standard. The reference 
voltage is variable by means of a helical 
attenuator. Accuracy of calibrating volt- 
age is +0.1 percent. A mercury cell is 
used as the standard to set the reference 
voltage. (Burroughs Corp., Dept. S481 
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™ DIGITAL VOLTMETER measures low-level 
voltages obtained from thermocouples, 
strain gages and other transducers. The 
instrument uses stepping switches, oper- 
ating in oil, to effect balance. Range is 
+ 0.001 to +9.999 mv with sensitivity of 
3 to 5 uv and accuracy +0.1 percent of 
full scale. Provision is made for opera- 
tion of a Clary printer and IBM sum- 
mary punch from the voltmeter output. 
(Non Linear Systems, Inc., Dept. S482) 


@ MASS SPECTROMETER is a portable in- 
strument for the mass range from 2 to 
80. Resolving power is adequate for sepa- 
ration of adjacent peaks up to about mass 
35. The scanning operation of the spec- 
trometer causes mass numbers to appear 
uniformly spaced on a time base. A man- 
ual override permits rapid setting to any 
mass number. (Consolidated Electrody- 
namics Corp., Dept. S476) 

IMPEDANCE BRIDGE measures capaci- 
tance, inductance, and resistance. For 
d-c resistance measurements, a built-in 
generator furnishes either 10 or 300 v to 
the bridge. Bridge null is detected by a 
light-beam galvanometer. For a-c meas- 
urements, a 0- to 15-v supply, operable 
from 100 cy through 10 kcy/sec, is used. 
Bridge null for alternating current is 


NALGENE POLYETHYLENE 
CaRBOYS AND BOoTTLEs provide 
reliable protection from breakage 
in handling caustics and acids. 
Good-looking, light, easy to handle, 
chemically inert and heat resistant 
they’re extremely useful in 

plants and laboratories. 


1208 —CARBOYS ASPIRATOR 
with %" all polyethylene 
needle type spigots. 


Sizes Available: 2 gal, 5 gal, 6% gal, 
13 gal. Priced from $19.80 to $37.80 each. 


1206—BOTTLES, ASPIRATOR 
with serrated tubing outlet. 


Sizes available: 32 oz, % gal, 1 gal, 2 gal, 
5 gal, 6% gal, 13 gal. Priced from $2.65 
to $28.75 each. 


=> 


Ask your dealer for catalog E-956 


*NALGE C0. Le 


WORLD’S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE! 
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indicated by an electron-ray indicator 
tube. Accuracies are: +0.1 percent for 
0.1 mohm to 1.2 Mohm, +0.2 percent 
for 0.1 to 1200 wf, and +0.3 percent for 
0.1 wh to 1200 h. (Electro-Measurements 
Inc., Dept. $527) 


® x-y RECORDER draws curves in Cartesian 
coordinates. The unit has a sensitivity 
of 10 mv/in. Input resistance is 10,000 
ohm. Writing speed is 7.5 in./sec on 
standard 8%- by 1l-in. graph paper. 
(Mandrel Industries, Dept. S464) 


® AUTOMATIC BLOOD ANALYZER determines 
urea and sugar in blood and calcium in 
serum. The samples to be analyzed are 
picked up by a tube from a rotating sam- 
ple plate. Reagents are added by a pro- 
portioning pump. Diffusible constituents 
are removed by a dialyzer. Measurements 
are made by a photoelectric colorimeter 
and recorded graphically. (Technicon 
Company, Dept. S468) 


™ PULSE TRANSFORMER KIT consists of 5 
subminiature, metal-cased, hermetically 
sealed pulse transformers. The trans- 
formers measure 14 in. in diameter by 
3% in. in length, Ferrite toroidal cores are 
used. (CBS Electronics Co., Inc., Dept. 
S478) 


® SAMPLING SWITCH has two poles and 
30 contacts per pole, providing 60 chan- 
nels in make-before-break operation. A 
filtered 27.5-v d-c motor rotates the 
switch at 2.5 rev/sec. (Applied Science 
Corp. of Princeton, Dept. S479) 


@ LOW-PASS FILTERS are available for 
standard cutoff frequencies of 7, 20 and 
40 kcy/sec. Attenuation is 1 db at the 
cutoff frequency and 12 db per octave at 
higher frequencies. Input impedance is 
500 ohm, output impedance 4000 ohm. 
(Flow Corporation, Dept. S494) 

®vacUUM SYSTEM produces ultimate 
vacuum of 1.8 x 10-7 mm-Hg with liquid 
nitrogen trapping. Valves, controlled by 
lever operation, can be set to close auto- 
matically in case of vacuum failure. Both 
the high-vacuum and forepump pres- 
sures can be measured. The entire system 
is mounted on casters with jackscrews, 
adjustable from the top, for immobiliz- 
ing the unit. (Scientific Engineering 


Laboratory, Dept. $497) 


® DIFFERENTIAL TRANSFORMER KIT con- 
sists of seven differential transformers 
having linear displacement ranges from 
+0.01 to +2.5 in., a flexure plate and 
clamp for positioning coils, and a de- 
modulator which converts the a-c out- 
put of the transformer into d-c voltage. 
(Automatic Temperature Control Co., 
Dept. $498) 

Josuua STERN 
National Bureau of Standards 
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——PERSONNEL PLACEMENT—— 








CLASSIFIED: 18¢ per word, minimum 
charge $3.60, Use of Box Number 
counts as 10 additional words. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


$22.00 per inch 
21.00 per inch 
20.00 per inch 
19.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Single insertion 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 














iii POStTIONS WANTED || 











Bacteriologist, Ph.D., with broad experience 
wishes change of academic position. Box 232, 
SCIENCE. x 
Biochemist, Ph.D.; 3 years, full-time university 


teaching; 6 years, director, research, well-known 
institution; recognized as authority in field of 
steroid analysis. Medical Bureau, Burneice Lar- 
son, Director, 900 North Michigan Avenue, 
Chicago. 


iili| POStr10NS OPEN || 


(a) Analytical Chemist and Biochemist, Ph. DY s, 
to direct groups, new research center, large in- 
dustrial company; Pacific Coast. (b) Toxicolo- 
gist; although Ph.D. in pharmacology preferred, 
one with doctorate in biochemistry _acceptable ; 
industrial toxicology laboratory, large com- 
pany; experience in industrial ce. advan- 
tageous; $10,000; East. (c) Medical Director; 
preferably one who completed training at least 
5 years ago; duties: professional correspon- 
dence, lecturing, technical consultation, super- 
vising clinical studies; important pharmaceuti- 
cal company ; university city, West. (d) Amer- 
ican Professors in Anatomy, Pharmacology, 
Biochemistry, and Pathology to develop depart- 
ments, postgraduate institute, foreign medical 
college; openings, also, for Assistant Adminis- 
trator and Medical Librarian; transportation, 
homes provided; 2-year contracts. (e) icro- 
biologist, Ph.D.; duties principally research, su- 
pervising clinic al diagnostic bacteriology, con- 
ducting tissue culture laboratory; research de- 
partment, 600-bed hospital; $7000-$8000; East. 
S8-2 Medical Bureau, Burneice Larson, Direc- 
tor, 900 N. Michigan Avenue, Chicago. xX 








iii POstr10Ns OPEN iii 








CHEMIST 


BIO-ORGANIC 


Large progressive North Jersey ethical 
drug research laboratory needs young 
doctorate level chemist with 3 to 5 
years’ experience in the isolation and 
characterization of natural products, 
especially ANTIBIOTICS and alkaloids. 
Should be familiar with modern analyti- 
cal procedures. Supervisory potential 
important. In confidence please send 
curriculum vitae, including salary re- 
quirements, to Box 229, SCIENCE. 














Clinical Chemist, M.A. or Ph.D. Starting salary 
$6000-$9000 depending on qualifications. To 
head chemistry department small progressive 
hospital in rural Connecticut. Write Dr. M. Z 
Rosenberg, Pathologist, Windham Community 
Memorial Hospital, Willimantic, Conn. x 





Editor, Assistant, Scientific publishing house. 
Unusual opportunity. Background in science 
helpful. No publishing experience necessary. 
Some traveling; headquarters New York, Send 
résumé, salary desired. Box 231, SCIENCE. X 





Medical Technicians, General (male) for em- 
ployment with U.S. Government. Under 38 
years of age. Must be U.S. citizen, Military 
experience in medical field desirable. Knowledge 
of x-ray and laboratory procedures necessary. 
Willing to serve overseas. Beginning salary 
$4080 per annum plus allowances. We request 
that initial reply include professional background 
and military experience. Box 235, SCIENCE. 
8/16, 23, 30; 9/6, 13, 20, 27 





Microbiological Analyst needed. A bachelor of 
science in bacteriology with training in chem- 
istry for full-time position, assisting with nu- 
trition research, Write Professor M. L. Scott, 
Rice Hall, Cornell University, Ithaca, New 
York. x 





Microbiologist. To head laboratory in Surgical 
Research Department. Dual appointment—Sur- 
gery and microbiology. Rank and salary depend 
on qualifications. Experience with clostridial 
toxins needed. Address Department of Surgery, 
Louisiana State University, School of ans 
New Orleans, La. 7/26; 8/2, 9 





Bacteriologist to head division of bacteriology 
and serology in 450-bed hospital. Training in 
medical bacteriology preferred. Salary depends 
on experience and degree. Apply to Director 
of Laboratories, Good Samaritan Hospital, 
Dayton 6, Ohio. 8/2, 9 





Biochemist, M.S., with experience in blood pig- 
ments. Full-time research; salary $5000-—$6000; 
midwestern medical school. Send complete 
résumé, Box 226, SCIENCE 





Chemist. Teaching position in general chemis- 
try, organic-biochemistry with some_ re 
search opportunity. Salary ($5500 to $7500) 
and title depending upon qualifications and ex- 
perience. Position is on a 10-month basis. Inter- 
view requested. Write details of training and 
experience to F. Reese Nevin, Chairman, De- 


partment of Science and Mathematics, Stxte 
University Teachers College, Plattsburgh, New 
York. 8/2, 9 





Clinical Chemist, with i ace experience pre- 
ferred, for 450-bed hospital. Salary in range of 
$5000 and dependent on degree and a 
Apply to Director of Laboratories, Good Sa- 
maritan Hospital, Dayton 6, Ohio. 8/2, 9 





Director, diagnostic and research tuberculosis 
laboratory, central Florida, physician or non- 
Sra microbiologist or clinical chemist. 
art-time employment will be considered, Write 
Dr. Albert V. Hardy, Director, Bureau of a 
oratories, State Board of Health, P.O. Box 2 

Jacksonville, Florida. nl 











PHYSIOLOGIST 


Ph.D. required for high level position in 
basic research program devoted to the 
physiological and psychological phenom- 
ena accompanying sleep and wakefulness. 
This man must be a creative and ener- 
getic scientist, capable of leading and 
directing the work of physiologists, statis- 
ticians, and electronic engineers on a re- 
search program that has been in progress 
for more than 10 years. Salary open. Box 
CS 975, 125 W. 41 St., New York. 














Plant Physiologist, Ph.D., to work as member 
of a team on problems of soil moisture relations 
of crop plants. A full-time research position 
with government agency, Location at outstand- 
ing state college in Southeast with complete re- 
search facilities. College staff status. Entrance 
salary from $5440 to $7570, depending w 
postdoctoral experience and qualifications. x- 
perience and/or training in the work area is 
desirable. Write to Box 221, SCIENCE 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for Sep- 
tember positions in many states and many for- 
eign lands. No fees. Apply direct. Also study 
awards. Rush $1 for complete job data, salaries. 
aie SCI, Box 99, Station G, rn 7 
22, 
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—The MARKET PLACE 











Single insertion 

13 times in 1 year 

26 times in 1 year 20.00 per inch 

52 times in 1 year 19.00 per inch 

For Bete g on display ads, copy must 
hh SCIEN! 


ICE 4 weeks before date 
of of Weus (Friday of every week). 


$22.00 per inch 
21.00 per inch 

















[ll Books AND MacaziNEs |i 








WANTED TO 
PURCHASE ... 


SCENTIFIC 


PERIODICALS 

and BOOKS 
WALTER |. 

111 Fifth Avenue, 


Sets and runs, foreign 
and domestic. Entire 
libraries and smaller 
collections wanted. 


OHNSON, INC. 
lew York 3, New York 











Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
— files you are willing to sell at hi 4 mar- 
et prices. Write Dept. A3S, J. S. CANN Inc. 
Boston 19, as ra 








[WA PROFESSIONAL SERVICES jj 
TO AUTHORS 


seeking a publisher 


Learn how we can publish, promote and distribute your 
book on a professional, dignified basis. All subjects con; 
sidered. Scholarly and scientific works a specialty. Many 
successes, one a best seller. Write for booklet SC—it’s free. 
VANTAGE PRESS Inc. @ 120 W. 31 St., N.Y. 1 
In Calif.: 6253 Hollywood Blud., Hollywood 28 
In Wash., D.C.: 1010 Vermont Ave., NW 











LaWall & Harrisson 


Gv, S, 1821 Walnut St, Philadelphia 3, Pa. 








BACTERIOLOGICAL 
CHEMICAL 


Pharmacologica 





our 55“ 


RESEARCH 


YEAR 


” ANALYSES CONSULTATION 
AND TOXICOLOGICAL STUDIES 


BIOLOGICAL, 

FOR THE FOOD, ORUG AND ALLIED INDUSTRIES 
48-14 33rd STREET, LONG ISLAND CITY 1, BLY. 
Western Office—9331 VENICE BOULEVARD, CULVER CITY, CALIF. 








“OUR PREVIOUS AD 


created a great deal of interest, 
for which we are grateful. Addi- | 
tional advertising in your magazine ; 
i 
] 


is contemplated.” 


a es ce es ee me ae ae ee ee 


9 AUGUST 1957 









| 
| 
} 
| 
| 























Analyses, Biological Evaluation, 
FOUNDATION 


Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 
Write for Price Schedule Ka 


| 
| 
CHEMICAL ‘INDUSTRIES 
| 
| 





P. O. Box 2217 * Madison 1, Wis. 








[| SUPPLIES AND EQUIPMENT || 








PURINES 34 


and other tagged compounds 
OF HIGH RADIOPURITY 


SPECIALTIES 
ISOTOPES “‘comeany INC 
703 S. Main St. Burbank, Calif. 








BOOKS - SERVICES + SUPPLIES + EQUIPMENT 

DISPLAY: Rates, listed below — no | PROFESSIONAL SERVICES || | {III SUPPLIES AND EQUIPMENT |i 
Box Number. Monthly 

invoke will Be sot on charge LABORATORY SER | 

fectory credit is established. Wisconsin for the FOOD, tg = pee 


ULTRAMICRO 
= - 





ELECTROCHROMATOGRAPHY 
KARLER-KIRK UNIT 











.... WRITE FOR DATA ——> 

















ELLIPSOMETERS | 
Sir Thin Film | 


Measurements. 
0. C. RUDOLPH & SONS 
CALDWELL, NEW JERSEY 
eee 








Special LaMOTTE Reagents 
for Analysis 
TIRON—for determination of Iron, 
Titanium, and Molybdenum 
ZINCON—for determination of Zine 
and Copper 
kkk 
Send for LaMotte Catalog on 
CHEMICAL CONTROLS for 
pH, Chlorine, Phosphates and 
Polyphosphates, etc. 
LaMotte Chemical Prod. Co. 
Dept. H Chestertown, Md. 














* oe 
® wy 
ino ra $ “ 
> 
3 


*Descendants of the ¢ NO y 
Sprague-Dawley and 
Wistar Strains 58 
* ‘~~ 
Hypophysectomized y \ 
Rats = 
® 


HENRY L. FOSTER, D.V.M. 
President and Director 
THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 











MICROSCOPES 
SCIENTIFIC INSTRUMENTS 
NEW AND USED 
WE BUY, SELL & TRADE 
Write us what you need and what you 
want to dispose of. 

THE TECHNICAL INSTRUMENT CO. 
122 Golden Gate Ave., San Francisco 2, Calif. 








QUALITY SERVICE 


SWISS WEBSTER MICE 


BELLEWOOD FARM 








ENGLISHTOWN, N.J. Ph. 7-9438 











LABORATORY 
Fam STIRRER Mo! #75050 
rN, 


3 0.:: ne with 
le on 


Universal, low priced direct 
drive stirrer for general lab- 
oratory use. High quality, 
continuous duty motor; rheo- 
stat control—0O to 7,000 RPM 
Y4" true running check, 
10 in. stainless steel rod. 


WRITE FOR BULLETIN X-1 


PALO LABORATORY SUPPLIES. Inc. 


81 Reade New York 7 








e HYPOPHYSECTOMIZED RATS 


—— to all points via Air Express 

further information write 
HORMONE ASSAY LABORATORIES, inc. 

8159 South Spaulding Ave., Chicago 29, Ill. 








YOU can TELL and SELL 
more than 33,500 scientists 
here . . . at a very low cost. 


Your sales message in an ad this size costs only 
$55.00 at the one-time rate—less for multiple in- 
sertions. And the results!—well, here’s what one 
of the many satisfied advertisers in SCIENCE has 
a0 Pw 44's 


“SCIENCE is consistently our most profitable 
medium. Business secured solely thre SCIENCE 
ads has been the backbone of our success in this 
field.”’ 

“We carry a considerable amount of advertising 
in various periodicals, but none is so productive 
of results as SCIENCE.” 


Prove to yourself the effectiveness of SCIENCE in 
increasing your Market, Sales and PROFITS—send 
your “‘Copy’’ NOW—or write for further informa- 
tion and Rate Card No. 29-A. 


SCIENCE 11 West 42 St. 


New York 36, N.Y. 
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APPLICATION FOR HOTEL RESERVATIONS 
124th AAAS MEETING 
Indianapolis, December 26-30, 1957 


The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
hotel room reservation in Indianapolis. Please send your application, not to any hotel directly, but to the AAAS 
Housing Bureau in Indianapolis and thereby avoid delay and confusion. (Exception: Members of the American 
Astronomical Society who wish reservations at the Marott Hotel, 2625 North Meridian Street, are asked to corre- 
spond directly with that hotel.) The experienced Housing Bureau will make assignments promptly ; a confirmation 
will be sent you in two weeks or less. 

As in any city, single-bedded rooms may become scarce; double rooms for single occupancy cost more; 
for a lower rate, share a twin-bedded room with a colleague. Most hotels will place comfortable rollaway beds 
in rooms or suites at 2.50 to 3.00 per night. Mail your application now to secure your first choice of desired accom- 
modations. All requests for reservations must give a definite date and estimated hour of arrival, and also probable 
date of departure. 


























AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
Rates for Rooms with Bath 
All hotels have sessions in their public rooms, For a list of headquarters of each participating society and section, please 
see Science, July 19, or The Scientific Monthly for August. 
Hotel Single Double Bed Twin Bed Suite 
Antlers $4.50-10.00 $7.00-12.00 $10.50—12.00 $14.50-19.50 
Claypool 7.00-10.00 9.50—14.00 10.50—14.00 13.50—34.00 
Continental 8.00—10.00 8.00-12.00 8.00—12.00 12.00—15.00 
Marott 7.00—14.50 9.00-14.50 10.00-17.50 14.50 and up 
Severin 6.00— 9.00 8.50-12.50 11.00-15.00 25.00 
Sheraton-Lincoln 6.50-11.50 9.85—15.00 13.35-16.00 24.35 and up 
Warren 6.50—10.50 8.50-12.50 12.00-13.00 25.00—35.00 
Washington 5.50—10.00 7.00-11.00 11.50—16.00 18.00--45.00 
(sana aa -- THIS IS YOUR HOUSING RESERVATION COUPON ——--—-———————: 
AAAS Housing Bureau 
1201 Roosevelt Building Date.of Application |... .scs.ciceaeresd «6 ood Wis vo toe SE 
Indianapolis 4, Ind. 
Please reserve the following accommodations for the 124th Meeting of the AAAS in Indianapolis, Dec. 26-30, 1957: 
TYPE OF ACCOMMODATION DESIRED 
Single ROOM i 'Ui es See oes DSIED RARE i cscs eve ens Maximitim “RBG “s .'. 6.5348 sea 
Double-Bedded Room ........ pened Rate: vice es Maximitm Rate’. . vcs cease Number in party .....eeeeeees 
Twin-Bedded Room .......... MDOMROD TREE oo Seo ce es Maximum Rate ............. 
Suite |. eden eee ae un aes Desired Rate... ... 004% ",.. Maximum Rate .........0005 Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


SERRE eRe eH EHE HEHEHE EEE HEHEHE HEHEHE HEHEHE EEE HEHEHE EHH HEHEHE EE HEHEHE EHH HEHEHE EHH ERE EHH EHO HEHEHE SESE HEE EE EEEESE 


SERRE e eee HEE EHH HEHEHE HEHEHE HEHEHE HEHEHE EEE HEHEHE HEHEHE EH HEHEHE HEHEHE HEHEHE HEHEHE EEE EEE EH EEE EEE HEE EE SHEE EEE EEEES 


First Choice Hotel .......0.ccscccccces Second Choice Hotel ..............e00005 Third Choice Hotel .............00005 
BOA ESS RIC PES 1856 aig ce io, 0 SNh ose Rb o Uae OSH Cwale oe eee DEPARTURE. DATE 26.63 ist sc. ca Hoch. OO. Ge 5a se Ce ee 
(These must be indicated—add approximate hour, a.m. or p.m.) 

INA DAES 5s w-'p:s pionsteleidiaisttc 6fuzere ip. 0/6 sieiv'le.e 5:4 4/0. ciase.w eo © 6 0.0 Wane. 6:6 e\ibcy Aneh' W050 igc05Wl8I0 paler 07k We TER INE Rene In Ia I cle 

(Individual requesting reservation) (Please print or type) 
ADDRESS 


COSHH OHHH HEHEHE HEHE HEHEHE HEHEHE HEHEHE EHH HEHEHE SEH HEE HHH ESE HEHSEH HEE EH HEE HEHEHE HEHEHE SESH SESE TEESE HEE SHEE OHESEEE 


(Street) (City and Zone) (State) 
Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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PHOTOVOLT Densitometer 





for Partition Chromatography 
and Paper Electrophoresis 








rity is guaranteed 
AT 
H SPECIALTIES CO. 















Our expanded facilities and our estab- 
lished reputation assure you of the best 
service inC!4 and H? labeled compounds. 








Revised list of radiochemicals and 
current prices available upon request. | | A photoelectric precision instrument for the rapid 
Write for catalog No, 1054. and convenient evaluation of strips and sheets 
id: dacneil cumutoiaainen, chants: ane of filter paper in partition chromatography and 


for quotation. State quantity and desired paper electrophoresis. 
specific activity. 








Write for Bulletin #800 to 


PHOTOVOLT CORP. 


95 Madison Avenue ’ New York 16, N. Y. 











| Also 

Colorimeters pH meters Electronic Photometers 
| + Fluorimeters Reflection Meters | Multiplier Photometers 
Nephelometers interference Filters 





Glossmeters I 





FOR PRECISE 
MEASUREMENTS 


...particularly at 7 


low light levels! 
FARRAND. 


ELECTRON MULTIPLIER 


PHOTOMETER 







For Use in- 





COLORIMETRY 
© Sensitivity — selective over a wide range © Photomultiplier tubes — interchangeable MICROSCOPY 
@ Linear and stable response @ Compact and simple to operate —" 
© Detectable flux—as low as 4x10-10 lumens Bulletin No. 804 Sent Upon Request PHOTOMETRY 

ETC. 








Vhomias ACCESSORIES 


for B. & L. “SPECTRONIC 20” \ 5 “i | 
SPECTROPHOTOMETER-COLORIMETER 


CELL CARRIER ROTO-CELL DIDYMIUM FILTER 
for 0.4 ml sample for 1 ml sample for Calibration 
and standard 











9085-D1. 9085-C. 9085-W. 





























9085-D1. CELL CARRIER, Thomas, 0.4 ml, 10 mm light path. Permits use of sample as 
small as 0.4 ml in 9085-E Sample Holder (with spring on same side as covefhinge), which is regularly 
furnished with B. & L. ‘“‘Spectronic 20” Spectrophotometer-Colorimeters 9084-A to 9084-K, inclusive. 
Takes 9085-N2 Absorption Cell, with 10 mm light path, as used in the Thomas Roto-Cell. By 
means of the precisely located window of the carrier, the light beam is reduced slightly in height 
and passes through the cell just above its bottom. This arrangement decreases the required sample 
size while retaining adequate energy for measurements. Constructed to ensure reproducible results 
by simply inserting carrier into sample chamber firmly so that the light shutter at bottom is com- 
pletely opened. Made of nickel-plated brass, with handle at top and clip for retaining cell. Complete 
with Absorption Cell of Corex glass and Cover of polished plate glass 





9085-C. ROTO-CELL, Thomas, 1 mi sample, 10 mm light path, for rapid scanning. A 
liquid-cooled double cell carrier for rapid spectrophotometric scanning at controlled temperatures. 
Swivel action permits instantaneous interchange within the instrument, of a 1 ml sample and blank 
or standard into light path, facilitating preparation of spectral transmission or absorption curves. 
Readily interchangeable with standard single place sample holder. Water jacket type, brass housing 
has inlet and outlet tubulature to connect with external cooling system. Includes light proof collar, 
rotating cell carrier and control knob for positioning cell. Complete with Partitioned Cell of Corex 
glass, two Cell Covers, and directions for use 





9085-W. DIDYMIUM CALIBRATION STANDARD. For checking wavelength scale cali- 
bration and meter performance of B. & L. “Spectronic 20’ Spectrophotometer-Colorimeter. 
Consisting of a Corning No. 1-60 didymium glass filter mounted in end of phenolic plastic holder, 
approximately 18 mm x 13 mm x 100 mm long. Window in opposite end of the holder provides 
unobstructed air path for light beam when holder is inverted, for setting meter reading at 100% 
transmittance. Standard fits directly into Sample Holder as supplied with ‘“‘Spectronic 20.” Complete 
with directions for use, including spectral transmission curve for the filter.................. 9.00 


==, ARTHUR H. THOMAS COMPANY 
Peonsonr area More and more laboratories rely on ope # Laboratory Apparatus and Reagents 
VINE ST. AT BRD ¢ PHILADELPHIA S&S, PA. 








